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ABSTRACT 


Theiv  is  an  existing  need  for  development  of  techniques  for  solving 
inventor^  r  oblems  when  the  parameters  can  be  specified  only  in  a  probabilistic 
sense.  Such  a  technique  was  developed  in  this  study  which  utilized  both  linear 
and  dynamic  programming  to  operate  on  the  probabilistic  data.  The  problem 
addressed  was  manpower  for  a  research  and  development  organization  which 
bids  competitively  for  research  and  development  tasks;  however,  the 
technique  developed  is  applicable  as  well  to  machines,  materials,  or  any  other 
type  of  inventory. 

Probabilistic  planning  is  visualized  as  a  process  for  continually  and 
systematically  evaluating  the  manpower  requirements  and  recognizing  the 
risks  being  taken  with  any  given  manpower  plan.  This  author's  approach  to  the 
manpower  problem  provides: 

1 )  An  array  of  all  possible  workloads 

2)  The  probability  associated  with  each 

3)  The  minimum  cost  approach  to  performing  each  workload 

4)  A  corporate  manpower  plan  which  allows  the  corporation  to  adjust 
its  manpower  to  the  actual  workload,  when  it  occ  irs,  with  least 
regret . 

Mathematical  models  developed  are  suitable  for  solution  on  electronic 
computers  and  provide  management  with  a  rapid  evaluation  of  possible 
management  decisions.  The  corporation  is  thus  provided  with  a  mathematical 
simulation  of  the  manpower  planning  system  which  can  be  utilized  to  readily 
evaluate  effects  of  various  inputs  and  promote  better  undei  standing  of  the 
problem  at  hand. 
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CHAPTER  I 


INTRODUCTION  AND  PURPOSE 

Exploits  of  modem  man  In  the  world  of  business  have  stimulated  a 
revolution  in  competitive  strategies  and  management  techniques  in  an  effort 
to  maximize  capital  gain  and  professional  status  of  the  corporation.  As  time 
progresses  competition  becomes  more  acute,  and  the  need  for  advanced 
management  tools  becomes  paramount.  No  Arm  remains  unaffected  by  the 
forces  of  progress,  and  the  security  of  the  corporation  depends  a  great  deal 
upon  its  ability  to  predict  the  future  and  concentrate  its  efforts  toward  profit¬ 
able  goals.  Management  of  a  corporation  which  bids  competitively  for  govern¬ 
ment  research  and  development  (R&D)  contracts  requires  control  systems  and 
analytical  planning  tools  which  are  seemingly  unique  and  worthy  of  special 
consideration. 

What  is  meant  by  "research  and.  development"?  The  term  cannot  be 
adequately  defined  for  universal  application  for  It  covers  a  wide  range  of 
activities.  The  Department  of  the  Army  defines  it  as  an  effort  to  develop 
weapons,  equipment,  and  techniques  which  are  qualitatively  superior  to  those  of 
any  potential  enemy,  In  any  environment,  and  under  all  conditions  of  war,  to 
enable  American  forces  to  carry  out  their  national  security  missions  with 
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maximum  effectiveness, 1  Research  and  development  may  be  subdivided  into 
four  categories  between  which  there  are  no  distinct  dividing  lines: 

Basic  Research  —  an  investigation  or  study  of  basic  scientific  l^wa  and 
phenomena  when  there  is  no  preconceived  value  for  their  utility. 

Supporting  Research  —  a  study  of  specific  scientific  laws  and  phenomena 
with  preconceived  notions  regarding  tnpir  utility  at  some  future  time. 

Applied  Research  —  a  studious  inquiry  or  investigation  of  scientific 
Jaws  and  phenomena  for  which  there  is  a  present  practical  objective. 

Development  —  a  systematic  use  of  existing  scientific  knowledge 
directed  toward  the  design  or  improvement  of  items  to  meet  specific  perform¬ 
ance  requirements. 

This  author's  investigation  was  directed  primarily  toward  corporations 
engaged  in  either  applied  research  or  development,  although  the  planning  t"°h- 
niques  which  evolved  are  also  applicable  to  baBic  and  suppoiting  research 
activities. 

Shannon2  investigated  a  system  for  management  control  of  R&D  activities 
in  which  he  indicated  that  R&D  managers  perform  basically  the  same  functions 
of  planning,  implementation,  and  evaluation  as  do  managers  of  any  other 


’Army  Regulation  Number  70S,  "Research  and  Development  of  Material." 
Headquarters,  Department  qf  the  Army,  Washington  25,  D.  C. ,  14  January, 
1963. 


lR.  E.  Shannon,  "A  System  for  the  Control  of  Research  and  Develop¬ 
ment  Activities,”  M.  S.  Thesis,  University  of  Alabama.  Tuscaloosa,  Alabama, 
May,  1960,  pp.  75-76, 
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activity.  However,  unique  differences  exist  by  nature  of  the  R&D  activity  and 
file  type  of  individuals  making  up  the  organization,  namely,  scientific  and 
engineering  personnel.  Hill3  also  described  the  R&D  management  problem  and 
outlined  some  suggestions  for  improving  the  control  and  operational  cost  esti¬ 
mating  techniques  for  technological  development  programs.  Beth  authors  agree 
that  planning  is  one  of  the  most  important  attributes  of  effective  management 
control  and  that  planning  within  an  R&D  organization  introduces  management  to 
many  problems  not  encountered  in  the  established  manufacturing  industry.  A 
basic  difficulty  is  that  R&D  problems  are  rarely  well  defined,  and  existing 
management  controls  do  not  sufficiently  accoimt  for  uncertainty,  which  is  file 
hallmark  of  R&D  programs. 

Why  should  one  plan?  Many  arguments  have  been  presented  in  file 
literature  and  have  usually  resulted  in  some  optimization  process  for  the  utiliz¬ 
ation  of  manpower,  facilities,  time,  or  accumulated  wealth.  All  of  these  are 
in  portent;  however,  the  real  reason  for  planning  is  to  gain  the  most  from 
available  capabilities  and  to  establish  direction  and  focus  for  these  efforts. 

There  are  many  types  of  planning  utilized  by  management.  For 
example,  planning  may  be  associated  with  the  function  being  planned,  it  may  be 
related  to  the  time  or  timing  of  various  events,  or  it  may  be  associated  with 
mathematical  models  which  are  designed  to  simulate  corporate  activities. 


1 L.  8.  Hill,  "Towards  an  Improved  Basis  of  Estimating  and  Controlling 
R&D  Tasks,"  The  Journal  of  Industrial  Engineering,  Vol.  XVm,  No.  8, 

August,  1967. 
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poes  planning  pay  off?  The  Stanford  Research  Institute  studied  the 
question  "why  companies  grow, "  and  concluded  that  in  the  case  of  both  high- 
growth  and  low-growth  companies,  those  that  support  planning  programs  have 
phown  a  superior  growth  rate  over  companies  which  do  not  support  such  a 
program. 4  Therefore,  long-*  "mga  planning  is  a  management  function  which 
hefpa  to  make  the  corporation  a  progressive  and  long-living  institution. 

For  the  purpose  of  this  study,  long-range  planning  is  defined  as  a 
process  for  continually  and  systematically  making  management  type  decisions, 
recognizing  the  risks  being  taken,  and  measuring  the  results  of  these  decisions 
against  realizations  through  feedback.  The  question  for  long-range  planning  is 
qot  v  ast  should  be  dqne  tomorrow,  but  what  can  be  done  today  to  cope  best  with 
the  uncertain  tomorrow.  J-ong- range  planning  is  a  management  process 
designed  to  Indicate  which  risks  should  be  taken.  Successful  long-range  plan¬ 
ning  provides  the  capability  u>  take  greater  risks  and  Improve  the  management 
performance.  To  plan  successfully,  however,  management  must  understand  the 
risk  being  taken  and  choose  rationally  among  the  possible  risk-taking  courses 
of  action  rather  than  plunge  into  uncertainty  on  the  basis  of  intuition,  hearsay, 
or  previous  experience. 

The  type  of  long-range  pla  ining  of  interest  is  the  probabilistic  manpower 
requirement  for  an  organization  t.hich  bids  competitively  for  government  RttD 
contracts. 


T 


i 

4p.  W.  Ewing,  Long- Range  Planning  for  Management.  Harper  and  Row 
Publishers,  New  York,  New  York,  1964,  o.  62. 
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The  problem  of  determining  future  R&D  manpower  requirements  is  one 
that  challenges  management  continuous ly,  for  they  cannot  kx>w  which  bids  will 
materialize,  precisely  when  successful  contracts  will  be  Initiated,  or  the 
corporation's  ability  to  meet  all  R&D  milestones  within  the  allocated  period  of 
time.  Their  problem  is  to  determine  the  most  probable  manpower  requirement 
versus  time  and  to  adjust  the  available  work  force  in  accordance  with  the  actual 
manpower  requirement  as  it  becomes  known.  If  existing  full-time  employment 
is  not  sufficient  to  meet  the  demand,  management  may  choose  to  have  these 
employees  work  overtime,  hire  additional  employees,  subcontract  *  portion  of 
the  work,  or  choose  some  reasonable  mix  of  these  solutions.  A  mathematical 
model  which  considers  the  cost  of  feasible  solutions  and  minimizes  the  totzl 
contract  cost  is  presented  in  Chapter  HI.  This  model  is  identified  aa  the 
Minimum  Cost  Method. 

Since  the  workload  is  known  only  in  a  probabilistic  sense,  any  corpora¬ 
tion  which  implements  recommendations  of  the  minimum  cost  method  is  taking 
a  calculated  risk  expressed  as  a  function  of  workload  and  manpower  level.  In 
this  application,  risk  is  the  expected  cost  of  adjusting  the  corporate  manpower 
to  whatever  workload  actually  occurs.  As  the  workload  becomes  known,  an 
adjustment  or  transition  may  be  made  and  an  appropriate  minimum  cost 
schedule  followed.  A  mathematical  model  which  minimizes  the  total  expected 
risk  associated  with  a  recommended  manpower  plan  is  developed  in  Chapter  IV 
and  is  identified  as  the  Minimum  Risk  Method. 

Considerable  literature  relating  to  the  development  of  project  and 
program  planning  models,  development  of  optimum  scheduling  techniques,  etc. , 
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has  been  published  by  various  authors;  however,  little  has  been  published  on 
methods  for  the  consolidation  of  planning  information  to  produce  a  total 
corporate  plan.  Planning  models  which  provide  this  consolidation  and  utilize 
feedback  and  decision  points  are  in  need  of  development. 5  The  primary  objec¬ 
tive  of  this  author's  research  is  to  develop  such  a  model. 


SA.  W.  Wortham,  ‘'Probabilistic  Long  Range  Planning  -  Development 
of  Statistical  Tecnniques  for  Forecasting  Budgetary  Requirements  for  Financing, 
Manpower  and  Facilities,  ''  The  Journal  of  Industrial  Engineering,  Vo!.  XVII. 

No.  11,  November,  1%6,  p.  556. 
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CHAPTER  H 


PROBABILISTIC  MANPOWER  REQUIREMENT 

A.  Statement  of  the  Problem 

If  a  corporation  which  bids  on  government  R&D  contracts  is  to  fulfill  Its 
current  contractual  obligations  and  to  perform  the  tasks  required  by  contracts 
it  will  receive  in  the  future,  what  will  be  the  manpower  requirement  versus 
time?  If  it  is  assumed  that  the  corporation  will  receive  every  contract  for 
which  it  bids,  the  manpower  requirement  can  reodily  be  assessed.  However,  In 
most  cases  It  cannot  be  assumed  that  the  corporation  will  be  awarded  every 
contract,  nor  is  it  known  for  certain  when  the  successful  contracts  will  be 
initiated.  If  a  subjective  or  conditional  probability  can  be  associated  with 
these  unknowns,  the  probability  of  requiring  various  levels  of  manpower  can  be 
calculated  as  shown  in  the  three  mathematical  models  developed  in  this  chapter. 

In  manpower  planning  for  an  RltD  organization,  the  manager  mu»t 
appreciate  that  mathematical  models  are  merely  an  aid  in  the  planning  and 
selection  process.  Modd  making  is  an  essential  part  of  the  process  for  under^ 
standing  the  situation  at  a  given  time,  the  elements  of  the  situation  being  taken 
into  consideration,  and  the  concepts  being  used.  Models  are  important  in  con¬ 
trolling  a  situation  by  suggesting  system  response  to  future  environmental 
changes  and  management  decisions.  Models  also  allow  the  interjection  of  that 
Important  RfcD  element,  uncertainty. 
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Uncertainty  must  usually  be  expressed  subjective  judgement  by  the 
planner.  His  view  of  the  future  may  take  one  of  the  four  basic  forms.  1 

Ignorance  —  He  may  see  the  future  as  a  complete  blank,  finding  himself 
pnwilling  or  unable  to  make  useful  statements  about  it.  Decisions  made  under 
such  conditions  have  been  described  as  "heroic"  rather  than  "rational." 

Assumed  certainty  —  He  pretends,  for  all  practical  purposes,  that  the 
future  is  exactly  known.  When  he  assumes  certainty  about  the  future,  single- 
valued  estimates  which  are  called  deterministic  are  used. 

Probability  —  He  may  admit  that  he  is  not  able  to  say  exactly  what  is 
going  to  happen  in  the  future,  but  he  is  able  to  say  that  one  of  several  possible 
futures  will  occur  wt^h  stated  probabilities.  The  classic  example  is  Cat  of 
flipping  a  coin. 

Intuition  —  His  view  of  the  future  may  suggest  that  a  variety  of  events 
is  possible,  but  he  is  unable  to  make  any  statements  about  their  probability. 

All  four  of  these  elements  of  uncertainty  are  important  in  R&D  man¬ 
power  planning;  however,  uncertainties  which  may  he  treated  in  a  probabilistic 
manner  are  of  primary  interest  in  this  thesis. 

B.  Assumptions 

For  application  of  the  mathematical  expressions  developed  in  this  thesis 
to  manpower  planning  under  uncertainty,  the  following  assumptions  must  hold; 

’ll.  T,  Darracott,  Report  on  Technological  Forecasting,"  Defense 
Documentation  Center  Report  Number  664165.  June,  1967,  p.  6-4. 
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1.  A  manpower  array  which  indicates  the  total,  time-adjusted  man¬ 
power  requirements  can  be  generated.  That  is,  for  any  project  which  is 
proposed  or  in  progress,  the  required  number  of  men  can  be  defined  by  job 
classification  and  by  ume  interval  for  the  duration  of  the  project.  An  example 
is  shown  in  the  manpower  schedule  in  Table  1. 


Table  1.  Manpower  Schedule  for  Project  A 


Quarter 

1 

o 

ltd 

3 

4 

Managers 

2 

2 

1 

1 

Engineers 

10 

10 

5 

5 

Technicians 

20 

20 

.  _ 

30 

30 

Total 

32 

32 

36 

36 

2.  Each  project  is  statistically  Independent  of  all  other  projects.  For 
example,  the  award  of  a  given  R&D  contract  is  not  affected  by  the  gain  or  loss 
of  any  other  contract  being  considered. 

3.  Required  personnei  of  common  disciplines  are  reasonably  inter¬ 
changeable. 

4.  The  subjective  probability  of  receiving  each  outstanding  bid  can  be 
assessed, 

5.  Each  contract  being  considered  has  a  proposed  stalling  date.  If 
this  date  is  uncertain,  the  conditional  probability  of  starting  on  various  dates 
can  be  estimated. 

Necessity  for  the  preceding  assumptions  or  conditions  will  become 
apparent  as  the  mathematical  planning  models  are  developed  in  section  D  of 
this  chapter. 
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C,  Data  Inputs 


1.  Development  Schedules  and  Associated  Manpower  Requirements.  In 
order  to  develop  a  time-adjusted  manpower  array,  a  program  schedule  must  be 
generated  for  egch  project,  and  manpower  requirements  for  accomplishing 
each  phase  of  the  project  must  be  determined. 

Two  of  the  most  commonly  used  techniques  for  presenting  program 
schedules  are  Gantt2  charts  and  PERT3  diagrams.  In  both  cases  the  program  is 
characterized  as  a  network  of  interrelated  events  which  must  be  accomplished 
in  sequence.  For  example,  the  Gantt  chart  requires  first  the  division  of  the 
plan  into  a  comprehensive  set  of  operations  which  are  interdependent  to  the 
extent  that  each  must  be  completed  before  the  project  is  completed.  Each 
operation  *y  be  divided  into  a  sequence  of  phases  or  events  and  their  required 
order  of  accomplishment.  Finally,  the  time  required  to  perform  each  event  in 
the  project  must  be  estimated  and  the  total  project  plotted  along  an  axis  of 
calendar  time.  An  example  Gantt  chart  is  presented  in  Figure  1.  In  PERT, 
the  project  js  presented  as  a  network  of  events  and  activities  required  to  accom¬ 
plish  the  end  pbjective,  T  ,  as  illustrated  in  Figure  2.  In  this  flow  diagram, 
events  are  depicted  by  circled  numbers  and  activities  by  arrows.  These 


2C.  D.  Flagle,  "Probability  Based  Tolerances  in  Forecasting  anq 
Planning,"  The  Journal  of  Industrial  Engineering,  Vol.  XII,  No.  2,  March- 
April,  1961. 

3  D.  G.  Malcolm,  J.  R.  Roseboom,  C.  E.  Clark,  and  W.  Fazar, 
"Application  of  a  Technique  for  Research  and  Development  Program  Evaluation/' 
Operations  Research,  Vol.  7,  1959. 
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Figure  1.  Gantt  Chart  Used  for  Presenting  Schedule  of  Research  and  Development  Programs 
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Figure  2.  PERT  System  Flow  Plan 

activities  must  be  performed  in  proper  order  as  indicated  by  the  network,  and 
the  expected  time,  tg,  required  to  conduct  eaqh  activity  must  be  estimated. 

Both  the  Gantt  and  PERT  techniques  allow  the  planner  to  assess  the 
probability  of  meeting  given  milestones  on  various  dates;  however,  the 
probability  associated  with  meeting  program  milestones  is  not  addressed  in 
this  thesis.  If  the  reader  has  interest  in  this  area,  it  iB  suggested  that  he 
refer  to  the  referenced  literature.  In  general,  the  major  program  milestones 
are  scheduled  in  P.&D  contracts  with  respect  to  contract  initiation,  and  contract 
modifications  are  required  if  progress  does  not  conform  with  the  schedule. 

A  suitable  coalition  of  the  Gantt  and  PERT  techniques  is  commonly  used 
in  scheduling  R&D  programs.  A  Gantt  chart  similar  to  Figure  1  is  normally 
used  by  program  management  to  monitor  progress  of  the  contract  while  planning 
groups  utilize  PEfiT  to  determine  pie  most  efficient  sequence  of  activities  for 
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meeting  the  scheduled  milestones. 

To  determine  the  detailed  manpower  requirements  for  the  contract, 
management  must  exercise  judgement  regarding  the  essential  manning  required 
for  each  network  activity.  An  analytical  technique  developed  by  McGee  and 
Markarian4  allows  the  planner  to  allocate  personnel  by  skill  within  preassigned 
manpower  constraints  in  such  a  way  that: 

1.  Minimum  essential  manning  by  skill  required  to  carry  out  each 
activity  in  the  PERT  network  is  determined  for  the  moBt  austere  conditions. 

2.  Maximum  productive  manning,  by  skill,  which  may  be  used  most 
effectively  to  carry  out  the  activities  under  a  "crash"  program  is  determined. 

3.  The  most  efficient  allocation  of  manpower  required  to  meet  con¬ 
tractual  milestones  is  determined. 

The  third  property  of  the  McGee  and  Markarian  technique  is  the  (me 
most  applicable  to  this  thesis  material.  For  example,  if  the  heavy  lines  in 
Figure  2  represent  the  critical  path  for  the  PERT  network  and  the  McGee  and 
Markarian  technique  is  applied,  the  resultant  is  a  time-adjusted  manpower 
array  as  illustrated  in  Figure  3.  This,  of  course,  is  the  desired  data  input  for 
probabilistic  manpower  planning. 

2.  Probability  of  Contract  Award.  The  ideal  response  pattern  for  an 
organization  is  to  receive  every  contract  for  which  it  bids.  However,  since  this 


4  A.  A.  McGee  and  M.  O.  Markarian,  "Optimum  Allocation  of 
Research/ Engineering  Manpower  Within  a  Multi-Project  Organizational 
Structure,"  IRE  Transactions  on  Engineering  Management,  September,  1962. 
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TIME  PROM  CONTRACT  INITIATION  (MONTHS) 


Figure  3.  Time  Adjusted  Manpower  Array  for  Project  X 

goal  will  probably  never  be  attained,  management  requires  some  method  for 
estimating  the  "capture  probability"  for  each  of  the  contract  proposals.  Tech¬ 
niques  have  been  developed  by  Beckwith,*  Dean,6  and  others  for  estimating  this 
probability  based  on  assumptions  that  men  experienced  in  the  state  of  the  art  of 
proposal  preparation  are  available  and  that  they  can  assess  certain  critical 
factors  relevant  to  the  job  being  considered  such  as  competitive  bidding 
corporations,  contract  awai'ding  agei  vies,  and  the  political  or  social 


*R.  E.  Beckwith,  "A  Stochastic  Regression  Model  for  the  Proposal 
Supcess  Evaluation,"  IEEE  Transactions  on  Engineering  Management,  Vol. 

EM- 12,  No.  2,  June,  1965,  p.  60. 

6  B.  V.  Dean,  "Contract  Award  and  Bidding  Strategies,"  IEEE  Tranaao- 
tions  on  Engineering  Management,  Vol.  EM- 12,  No.  2,  June,  1965. 


scene.  A  compilation  of  influential  factors  for  the  formal  contract 
award  process  usually  includes  at  least  the  following: 

1.  Technical  capability  (perhaps  two  or  three  components  may  be 
required,  or  a  weighted  average  of  several  components) 

2.  Organisational  structure  or  management  quality  for  the  task 
proposed 

3.  Performance  record  on  pest  jobs  for  the  agency  releasing  the 
request  for  proposal  (RFP) 

j  4.  Experience  in  carrying  out  similar  jobs 

5.  Geographical  factor  (e.  g. ,  "Does  DOD  currently  favor  the  Boston 
area?”) 

6.  Political  factor  (e.g. ,  "How  long  has  it  been  since  ibis  area  has 
been  awarded  a  major  DOD  contract?"  or  "Does  this  organization  have  an 
Influential  contact  within  DOD?") 

7.  Proposal  quality  relative  to  that  expected  from  the  competition 

8.  Price  or  profit  margin 

Management  may  or  may  not  know  the  Identity  of  competitive  bidders. 
Models  have  been  developed  for  both  situations;  however,  the  probability  of 
oontract  award  can  be  more  accurately  determined  if  the  competitors  are  known. 
Bidding  models  are  beyond  the  scope  of  this  thesis  and,  consequently,  are  not 
discussed  in  detail.  However,  it  is  important  that  management  become*  aware 
of  these  models  and  utilizes  its  contract-award  synthesizing  process  at  least  to 
the  point  of  statistical  equivalence  when  dealing  with  probabilistic  manpower 
planning. 
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Contrary  to  the  formal  contract  award  process  noted  above,  Edward  B. 
Robert*  o;  Massachusetts  Institute  of  Technology  conducted  a  study'  which  indi¬ 
cated  major  differences  between  the  formal  process  and  the  actual  process  for 
awarding  government  R&D  contracts.  Roberts  indicated  that  the  actual  process 
is  J«*s  competitive  than  stipulated  by  government  regulations,  and,  with 
..ox eased  understanding  of  the  actual  process,  a  corporation  can  predict  the 
probability  of  contract  award  with  relatively  high  confidence. 

For  effective  use  of  bidding  models,  management  must  be  prepared  to 
establish  and  maintain  an  organization  for  producing,  accumulating,  and 
processing  RFP  data  on  competitors  for  all  types  of  R&D  contract  proposals. 
Without  this  commitment  the  process  of  estimating  probability  of  contract 
award  can  at  best  be  judgement  based  on  the  historical  fraction  of  awards.  The 
historical  fraction  may  not  be  a  valid  estimate  of  the  probability  of  award 
because  of  extenuating  circumstances  such  as  the  eight  factors  previously 
noted. 

Management  should  utilize  the  best  means  at  Its  disposal  for  determin¬ 
ing  the  probability  of  contract  award.  Manpower  planning  models  developed  in 
this  chapter  are  sensitive  to  the  probability  of  contract  award,  and  erroneous 
judgement  on  the  part  of  management  can  seriously  affect  the  utility  of  the 
models. 

3.  Probability  of  Contract  Initiation  Date.  51  one  assumes  with  certainty 


7E.  B.  Roberta,  ”How  the  U.  8.  Buys  Research,"  International  Science 
and  Technology.  September,  1964.  ' 
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that  a  given  R&D  contract  will  be  awarded,  when  will  the  contract  be  initiated? 
Exactly  when  the  contract  will  be  initiated  cannot  be  determined  usually  because 
of  contract  negotiations,  availability  of  funds,  etc. ;  therefore,  the  concept  of 
probability  is  again  beneficial.  If  a  conditional  probability  function  can  be  asso¬ 
ciated  with  the  contract  initiation  date,  the  probabilistic  manpower  planning 
model  can  be  refined,  as  indicated  in  the  third  planning  model  developed  in  this 
chapter,  and  the  future  manpower  requirement  can  be  more  accurately  phased 
with  time. 

Unfortunately,  scientific  methods  for  estimating  the  probability  function 
for  date  of  contract  initiation  have  not  been  developed.  Consequently,  manage¬ 
ment  must  depend  on  judgement  and  experience  for  this  determination.  Unlike 
the  probability  of  contract  award,  however,  errors  in  estimating  the  probability 
of  contract  initiation  dates  do  not  seriously  affect  the  total  manpower  require¬ 
ment.  Instead,  time  phasing  of  the  required  manpower  is  erroneously 
predicted. 

D.  Development  of  Solutions 

Probabilistic  planning  ia  a  relatively  new  approach  for  estimating  man¬ 
power  requirements  in  industrial  and  governmental  organizations.  The 
procedures  are  statistical  in  nature  and  capitalize  on  the  theory  of  expected 
values.  For  example,  if  denotes  a  discrete  random  variable  which  can 
assume  values  of  X  ,  X  ,  X  ...  X.  with  respective  probabilities  p,. 

k  V  V 

pj.  Pj  . . .  p^  (where  Pj  ♦  Pj  +  Pj  +  . . .  +  s  D.  the  mathematical 
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expectation  of  Xt,  denoted  by  is  defined  as8 

'(*»)■  P'Xl.t+P*Xa.t+,,,X3.t+-+PkXk.t  (1> 

k 

*  E  p.x,  • 

j  -  1  J  J 

where  t  Is  the  planning  period.  For  example,  suppose  a  corporation  has  four 
outstanding  proposals,  each  with  a  constant  25-percent  chance  of  success.  The 
required  number  of  men  per  month  per  contract  is  50,  40,  30,  and  20  respec¬ 
tively.  The  expected  manpower  requirement  is 

(0.25)150)  +  (0.25)  (40)  +  (0.25)  (30)  +  (0.25)  (20)  =*  35  men  per  month. 

It  can  readily  be  shown  that  planning  for  35  men  will  not  satisfy  the  needs  of 
tills  corporation  since  the  real  possible  outcomes  are  0,  20,  30,  40,  50.  60, 

70,  80,  90,  100,  110,  120,  and  140  men  per  month. 

The  significance  of  the  above  solution  may  best  be  explained  by  referring 
to  another  example,  gambling.  In  gambling  games  the  expected  value  of  a  win 
is  the  "fair”  amount  to  pay  for  playing  the  game.  In  this  sense,  if  one  plays 
the  game  a  large  number  of  times,  paying  the  fair  amount  each  time,  the 
amounts  he  wins  and  loses  will  average  out. 

It  should  be  noted  that  the  expected  value  is  equivalent  to  the  weighted 
arithmetic  mean  and  may  be  equal  to  the  most  probable  value  only  when  the 
input  data  are  selected  from  certain  types  of  distributions.  *  The  normal  or 

*M.  R.  Spiegel,  Schaum's  Outline  of  Theory  and  Problems  of  Statistics. 
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Gaussian  distribution  is  an  example  where  the  expected,  the  mos*  probable, 
and  the  50-percentile  values  are  all  equal. 

Since  the  expected  manpower  requirement  does  not  represent  a  unique 
solution  to  the  planning  dilemma,  as  illustrated  in  the  previous  problem  by  the 
requirement  for  35  men  per  month,  what  utility  does  it  have?  To  evaluate  the 
probable  manpower  requirement  it  is  necessary  to  have  some  measure  of  the 
probable  spread  of  results  about  the  expected  value.  There  are  several  such 
measures,  but  statistical  variance  is  preferred  by  most  planning  organiza¬ 
tions.  10  Variance  is  usually  converted  to  standard  deviation  for  meaningful 
expression. 

How  is  the  sample  variance  determined?  By  definition  the  variance 
/tr*  ^  of  a  random  variable  is  the  expected  value  o:  the  square  of  the  dlff.  r- 


ence  between  and  E^X^,  u  or  symbolically 

"«’-E  { [xt -  E(x.)] ’ } 

(2) 

-  E(x;HE(xt)j'  • 

(3) 

Therefore,  in  the  previous  example  problem  where  j  was  35  men  per 
month,  the  variance  would  be 

cj  *  £(0.25)  (50)*  +  (0.25)  (40)*+  (0.25)<30)?  +  (0.25)(20)Jj  -  £(35)s] 

*K.  S.  Packard,  Probabilistic  Forecasting  of  Manpower  Require¬ 
ments,"  IRE  Transactions  on  Engineering  Management.  Volume  EM-9, 
September,  196".  p.  ’3'i . 

^P.  M.  Morse  and  G.  E.  Kimball,  Methods  of  Operations  Research. 
The  M.  I.  T.  Press,  Cambridge,  Massachusetts,  1962,  p.  21. 
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=  1350-1225 
=  125. 

The  standard  deviation  for  this  example  is  \r125',  or  11  men  per  month.  Since 
this  standard  deviation  is  fairly  large  compared  with  the  expected  value, 
approximately  !/j,  management  is  alerted  that  planning  for  a  requirement  of  35 
men  per  month  is  a  nigh  risk  situation.  As  .nay  be  suspected,  relatively  small 
standard  deviations  are  desired^ 

At  the  beginning  of  this  chapter  a  major  planning  problem  was 
addressed,  i.e. ,  how  may  future  manpower  requirements  be  predicted  in  the 
light  of  uncertainty?  Scientific  methods  for  making  mathematical  estimates  of 
the  future  manpower  requirements  have  been  developed  and  are  presented  in 
the  following  paragraphs. 


1.  Model  I  —  Defined  Scope  of  Woi*.  Organizations  with  rigidly  con¬ 
trolled  manpower  requirements  are  not  uncommon  in  American  industry.  For 
this  reason,  the  first  model  presented  is  one  which  assumes  unit  probability 


for  requiring  exactly  M.  (t)  men  of  type  j  for  project  i  during  the  period  t. 
Thus  the  manpower  matrix  is  defined  as 


[jV]  ■ 


Manpower  requirements  can  be  assessed  from  this  model  by  summing  the 
appropriate  columns  and  rows.  For  example,  consider  the  manpower  matrix 
sftown  in  Tabic  2. 

In  this  example  .  M.  (Jan)  is  the  total  manpower  requirement  for  the 

month  of  January',  ,  M.  (Jan)  is  the  total  manpower  of  type  A  required  during 
A 
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Table  2.  Example  Manpower  Matrix  for  Model  I 


Time  Period  (t) 

January 

February 

Project 

(0 

Earn 

2 

■■ 

B 

c 

A 

B 

■a 

I 

5 

10 

10 

20 

30 

40 

115 

n 

10 

15 

30 

10 

15 

30 

110 

m 

25 

35 

50 

35 

35 

35 

215 

s 

40 

60 

90 

65 

80 

105 

440 

_ 

.M.  (Jan)  *  40+  60+  90=  190 

M.  (Jan)  =  40 
A 


I  (Feb)  =  20 

I  .  M.  (.  )  =  440 

die  month  of  January,  M  (feb)  is  the  manpower  of  type  A  required  for  project 

A  X 

I  during  the  month  of  February,  .  M,  (.  )  is  the  total  manpower  requirement  for 
the  corporation,  etc.  As  previously  indicated,  any  desired  estimate  of  the 
manpower  vxjuiiemer.ts  can  be  determined  by  addition  of  the  proper  row  or 
column  entries. 

At  a  glance.  Model  I  seems  very  basic  and  appears  to  be  of  little  value; 
however,  it  ia  probr  the  one  most  commonly  used  in  industry  today. 
Managers  frequently  decide  which  projects  to  include  in  the  coroorate  ^lan  and 
which  to  exclude,  thus  for  cing  this  particular  model.  u  Model  I  will  also  be 


»A.  W.  Wortham,  "Probabilistic  Long  Range  Planning  -  Development 
of  Statistical  Techniques  tor  Forecasting  Budgetary  Requirements  for  Financing, 
Manpower  and  Facilities,"  Journal  of  Industrial  Engineering.  Vol.  XVII,  No.  11, 
November,  1966,  p.  554. 
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used  as  a  building  block  for  developing  probabilistic  planning  models. 


2.  Model  II  —  Probabilistic  Scope/ Inflexible  Time  Scale.  The  second 
model  to  be  considered  is  basically  an  extension  of  Model  I.  It  associates  a 
subjective  capture  probability  with  each  outstanding  contract  proposal;  i.  e. , 
for  every  project  i  there  is  a  probability  that  the  corporation  will  receive  the 
contract.  The  expected  manpower  requirement  is  then  given  by 


=1,2,3...  m 


where 


is  the  probability  of  capture  for  the  i  contract  proposal, 
j  is  the  type  of  manpower  or  the  various  skills  required, 
i  is  the  identification  of  the  contract  proposal. 


t  is  the  time  period  of  interest. 


^M.  (t)  is  the  number  of  men  of  type  j  required  for  project  i  during  the 
period  t. 

n  is  the  number  of  outstanding  contract  proposals. 

The  expected  manpower  matrix  for  Model  II  is  identical  to  that  for 
Model  I  except  that  each  row  is  multiplied  by  the  probability  of  contract  award. 
For  example,  if  the  three  projects  presented  in  Table  2  have  estimated 
probabilities  of  acceptance  of  0.3,  0.4,  and  0.5,  respectively,  the  expected 
manpower  is  determined  to  be  as  shown  in  Table  3.  Note  that  the  manpower 
requirements  have  been  reduced  considerably  from  those  presented  in  Table  2. 
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Table  3.  Example  Manpower  Matrix  for  Model  II 


Time  Period  (t) 

January 

February 

Project 

(i) 

Manpower  Type  (j) 

Manpower  Type  (j) 

2 

A 

B 

C 

A 

B 

C 

I 

1.5 

3.0 

3.0 

6.0 

9.0 

12.0 

34.5 

n 

4.0 

6.0 

12.0 

4.0 

6.0 

12.0 

44.0 

ffl 

12.5 

17.5 

25.0 

17.5 

17.5 

17.5 

107.5 

2 

18.0 

26.5 

40.0 

27.5 

32.5 

41.5 

186.0 

Given:  p,  =  0. 3,  pn  =  0. 4.  Pm=0.5 

.M.  (Jan)  =  84.5 

aM.  (Jan)  =  18 
A 

M^Feb)  =  6 
.  M.  (•  )  =  186 


As  previously  indicated,  the  expected  manpower  requirement  given  by 
equation  (4)  does  not  necessarily  provide  management  with  all  the  information 
required  for  reliable  planning  procedures.  Some  measure  of  confidence  for  the 
expected  manpower  prediction  is  required.  If  there  are  a  large  number  of 
outstanding  proposals,  it  may  be  assumed  that  the  probabilistic  manpower 
requirement  Is  normally  distributed:  however,  if  the  number  of  outstanding 
contract  proposals  is  small,  the  exact  sample  distribution  must  be  examined  to 
assess  the  probabilistic  spread  of  the  manpower  requirement. 

If  the  number  of  outstanding  proposals  is  large,  the  variance  of  the 
manpower  requirement  about  the  expected  value  may  be  derived  from  equation 
(3).  The  variance  for  Model  II  is 
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i  =  1 


H2 


i  =  1 


Pjjiyi) 


<5> 


To  illustrate,  the  variance  for  the  manpower  of  type  A  (Tables  2  and  3)  during 
the  month  of  January  may  be  calculated  as 


a2  =  [(0.3)  (5)2+  (0.4)  (10)2+  (0,5)  <25)2]  -  [(18.0)2] 

ff2  =  345  -  324 
a2  =  21  , 

and  the  standard  deviation  is  *J21,  or  4.6  men.  Management  may  then  choose 
to  express  the  type  A  probabilistic  manpower  requirement  for  January  as 
18  ±5  men,  or  the  manpower  requirement  may  be  expressed  as  a  probability 
density  function  (Figure  4).  The  probability  density  function  is  calculated  from 
the  expected  manpower  requirement  (m)  and  the  standard  deviation  (a)  by 
assuming  that  the  probabilistic  manpower  requirement  is  normally  distributed 
such  that 0 

P(Xt)  "  7W  6 

where  ir  =  3. 14159,  e  *  2.  71828,  and  unit  area  exists  under  the  curve. 

Because  the  average  business  manager  is  not  well  versed  in  statistics, 
the  following  explanation  of  the  probabilistic  manpower  requirement  is 
presented. 


13  P.  G.  Hoel,  Introduction  to  Mathematical  Statistics,  John  Wiley  and 
Sons,  Inc. ,  New  York,  New  York,  1963,  p.  101. 


24 


0,10 


If  management  desires  to  know  the  probability  of  requiring  exactly  X 
men  of  type  A  in  the  month  of  January,  the  probability  may  be  read  directly 
from  Figure  4.  Data  in  this  figure  indicate  that  there  is  an  8. 67-percent  chance 
that  exactly  18  men  will  be  required  and  that  the  probability  decreases  as  the 
manpower  requirement  increases  or  decreases  from  the  expected  value. 

If  a  conservative  estimate  of  the  required  manpower  is  desired,  i.  e. , 
what  is  the  confidence  that  X  men  will  be  sufficient  to  satisfy  the  contractual 
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I 


manpower  requirement,  a  cumulative  probability  distribution  function  must  be 
utilized.  As  indicated  in  Figure  5,  management  may  be  approximately  75  per- 
cent  confident  that  21  men  of  type  A  will  satisfy  the  January  requirement, 
approximately  90  percent  confident  that  24  men  will  be  sufficient,  etc.  Even 
though  the  actual  contractual  requirements  for  January  may  be  0,  5,  10,  15,  25, 
30,  35,  or  40  men  of  type  A,  management  can  be  94  percent  sure  of  meeting 
the  January  requirement  if  25  men  are  estimated,  which  is  also  the  number  of 
men  required  if  contract  proposal  in  is  successful. 
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Figure  5.  Cumulative  Probabilistic  Manpower  Requirement:  Type  A,  January 
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The  cumulative  probability  distribution  function  is  calculated  by  integra¬ 
tion  of  equation  (6)  to  determine  the  area  under  the  curve  as  depicted  in 
Figure  6.  The  cumulative  probabilistic  manpower  requirement  is  therefore 
given  by 

x 

P(X)  =  /  p  (X)  dX  (7) 


The  cumulative  probabilistic  manpower  curve  is  one  of  the  most  powerful  tools 
available  for  estimating  the  future  manpower  requirement. 


NUMBER  OF  MEN  REQUIRED  (X) 


Figure  6.  Graphical  Presentation  of  Cumulative  Probability 

In  general,  a  corporation  which  bids  on  R4D  contracts  does  not  have  a 
large  number  of  contract  proposals  outstanding  at  any  given  time.  Therefore, 
it  may  be  unreasonable  to  assume  that  the  probabilistic  manpower  requirement 


is  normally  distributed.  This  planning  problem  may  be  solved  by  the  technique 
of  complete  enumeration, 14  which  evaluates  the  probability  associated  with 
every  possible  combination  of  the  manpower  requirements.  The  expected 
number  of  men  needed  for  any  time  period  and  a  cumulative  probability  function 
may  be  determined  by  the  enumeration  method. 

The  complete  enumeration  method  may  best  be  explained  by  referring 
to  an  example  problem.  Consider  the  previous  example  (Tables  2  and  3)  with 
three  contracts  and  contract  award  probabilitier  as  shown  in  Table  4. 


Table  4.  Outline  of  Manpower:  Probability  Matrix 


January 


Contract 

Manpower  Type  A  ^ 

I 

5  ? 

II 

10  / 

III 

25  ? 

Probability 


Pi  =  0.3 
Pz  “  0. 4 
Ps  =  0-5 


If  contract  I  is  acquired,  5  men  of  type  A  will  be  required  during  the 
month  of  January,  and  the  probability  of  receiving  contract  I  is  0. 3.  If  contract 
I  is  not  acquired,  no  (0)  men  of  type  A  will  be  required,  and  the  probability  of 
not  receiving  contract  I  is  (1-Pj)  or  0.  7.  If  the  award  of  contract  I  is  indicated 
by  M,  and  loss  of  contract  I  is  indicated  by  M*.  and  p,  indicates  the  probability 
of  receiving  contract  I  and  p*  indicates  the  probability  of  not  receiving  the  job, 
the  two  possible  outcomes  for  contract  I  are  as  shown  in  Figure  7. 


MJ.  F.  Koonce,  ’’Probabilistic  Manpower  Forecasting,"  M.  S.  Thesis, 
Tt::as  AfcM  University,  College  Station,  Texas,  May,  1966,  pp.  7-25. 


Figure  7.  Possible  Outcomes  of  Contract  I 

If  contract  I  is  acquired  there  are  two  possible  outcomes  for  contract 
n,  or  if  I  is  not  acquired  there  are  two  possible  outcomes  for  contract  n.  If 
both  I  and  n  are  acquired,  5  +  10  or  15  men  will  be  needed.  The  probability  of 
both  contract  proposals  I  and  II  being  successful  la  (Pj)  (p2)  9  (0.3)  (0.4)  or 
0. 12.  The  four  possible  outcomes  for  prop  'sals  I  and  n  are  shown  in  Figure  8. 


Figure  8.  Possible  Outcomes  for  Contracts  I  and  II 


Continuing  uu  above  process  with  contract  III  it  is  seen  that  eight  com¬ 
binations  exist  as  shown  in  Figure  9. 

The  expected  manpower  requirement  of  type  A  during  the  month  of 
January  may  be  calculated  from  the  results  in  Figure  9  and  by  equation  (1)  as 


follows: 


E(M) 


£ 


M 

s 


9  (0.  06) (40)  +  (0.  06) (15)  +  . .  .  +  (0. 14) 
(10)  +  (0.21) (0) 
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p!  p2  p3 

OR 

40 

0.060 

**l>*2<**3 

P1  p2*p3 

OR 

30 

0.090 

* 

M,  ,MrM3 

OR 

P1  P2  P3 

35 

0.140 

pl‘p2  P3* 

OR 

10 

0.140 

Figure  9.  Possible  Outcomes  of  Contracts  I,  II,  and  III 


=  18  men. 

A  cumulative  distribution  for  the  probabilistic  manpower  requirement 
can  also  be  determined  from  the  results  In  Figure  9.  The  discrete  cumulative 
distribution  is  depicted  in  Figure  10,  which  Indicates  that  the  probabilistic 
manpower  requirements  most  likely  are  not  normally  distributed  as  assumed 
when  this  example  problem  was  solved  initially. 

If  the  cumulative  probabilities  for  intermediate  manpower  values  are 
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Figure  10.  Cumulative  Probabilistic  Manpower  Requirement:  Type  A,  January 


desired,  they  may  be  estimated  by  using  straight-line  interpolations  between 
the  known  values.  8  Performing  this  operation  on  the  eight  data  points  in 
Figure  10  yields  the  cumulative  distribution  presented  in  Table  5. 

For  comparison  of  the  enumeration  method  with  the  original  method 


*J.  F.  Koonce,  "Probabilistic  Manpower  Forecasting,''  M.  S.  Thesis, 
Texas  A 4M  University,  College  Station,  Texas,  May,  1966,  p.  8. 
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Table5.  Probabilistic  Manpower  Requirement:  Type  A,  January 


Number  of 
Men  (X) 

' 

Calculated 

Probability 

Cumulative 

Probability 

0 

0.210 

0.  210 

1 

0.228 

2 

0.246 

3 

0.264 

4 

0.282 

5 

0.  090 

0.300 

6 

0.  328 

7 

0.  356 

8 

0.  384 

9 

0.  412 

10 

0.  140 

0.440 

11 

0.  452 

12 

0.464 

13 

0.  476 

14 

0.488 

15 

0.  060 

0.  500 

16 

0.  521 

17 

0.  542 

18 

0.  563 

19 

0.  584 

20 

0.  605 

21 

0.626 

22 

0.  647 

23 

0.668 

24 

9.  689 

25 

0.  210 

0.710 

26 

O** 

b  < 

28 

0.  764 

29 

0.  782 

30 

0.  090 

0.  800 

31 

0.  828 

32 

0.856 

33 

0.  884 

34 

0  912 

35 

0.  140 

0.  940 

Table  5.  Probabilistic  Manpower  Requirement:  Type  a,  January  (Concluded) 


Number  of 
Men  (X) 

Calculated 

Probabili 

Cumulative 

Probability 

u6 

0.952 

37 

0.964 

38 

0.976 

39 

0.988 

40 

0.060 

1.000 

_ 

presented  for  Model  II,  it  is  interesting  to  note  that  the  expected  manpower 
requirement  for  both  solutions  is  18  men  for  the  mouth  of  January;  however, 
when  the  normal  distribution  is  assumed  for  this  small  number  of  projects,  the 
distribution  aoout  the  expected  value  is  misleading.  For  example,  in  the  first 
solution  it  is  estimated  that  management  may  be  94  percent  confident  of  meeting 
the  contractual  requirements  if  25  men  are  available,  but  when  the  actual  dis¬ 
tribution  is  evaluated  it  is  estimated  that  management  can  only  be  71  percent 
confident  of  meeting  the  contractual  requirements  with  25  me Also,  when  the 
actual  distribution  is  enumerated,  it  is  determined  that  tve  expected  value  is 
not  the  most  probable  manpower  requirement.  The  most  probable  msnoow^,. 
requirement  <s  determined  to  be  either  0  or  25  men  rather  than  the  expected 
19  men,  The  significance  of  this  result  is  that  the  original  approach  is  valid 
only  when  there  are  a  large  number  of  contracts  outstanding  and  when  the 
assumption  of  normality  is  acceptable  Otherwise,  the  technique  of  complete 
enumeration  should  be  employed. 

In  the  enumeration  process,  It  may  be  noted  that  there  were  two  (2li 


possible  outcomes  tor  contract  I,  for  contracts  I  and  II  there  were  four  (2*i 
possible  outcomes,  and  for  contracts  I,  II,  and  III  there  were  eight  i23) 
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possible  outcomes.  Consequently,  it  can  be  rationalized  that  for  r  contract 

r 

proposals  there  are  2  possible  outcomes,  and  the  probability  associated  with 
each  possible  outcome  can  be  calculated. 

As  the  number  of  outstanding  contracts  increases,  the  task  of  calculat¬ 
ing  by  enumeration  all  of  the  possible  outcomes  and  the  associated  probabilities 
for  a  given  type  of  manpower  becomes  prohibitive.  If,  for  example,  there  are 
ten  outstanding  proposals,  there  are  2 10  or  1024  possible  outcomes.  If  there 
is  reason  to  suspect  that  the  assumption  of  normal  distribution  is  not  accept¬ 
able,  the  enumeration  technique  should  be  utilized;  however,  to  minimize  the 
massive  task  of  enumerating  a  large  number  of  contracts,  a  variation  of  the 
complete  enumeration  technique  is  suggested.  In  the  following  paragraphs , 
methods  for  simplifying  the  enumeration  process  and  estimating  the  expected 
manpo  ver  requirement  and  the  cumulative  distribution  function  are  presented. 

r 

A  binaiy  numbering  system  may  be  used  to  simplify  calculation  of  the  2 
possible  outcomes  and  their  corresponding  probabilities.  If  0  indicates  that 
the  contract  will  not.  be  received,  and  1  indicates  award  of  the  contract,  binary 
tables  such  as  those  shown  in  Tables  6,  7,  and  8  may  be  constructed.  It  is  a 
relatively  simple  operation  to  continue  adding  projects  in  a  systematic  manner 
and  construct  a  binaiy  table  of  dimensions  r  by  2  for  any  number  of  outstand¬ 
ing  proposals. 

Table  6.  Binary  Representation  of  One  Outstanding  Proposal 


Project 

Outcome  Number 

1 

2 

I 

0 

1 
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Table  7.  Binary  Representation  of  Two  Outstanding  Proposals 


Outcome  Number 

Project 

X 

2 

3 

4 

I 

0 

1 

0 

1 

II 

0 

0 

1 

1 

Table  8.  Binary  Representation  of  Three  Outstanding  Proposals 


Project 

Outcome  Number 

H 

2 

3 

□ 

5 

6 

7 

8J 

I 

0 

1 

0 

fl 

0 

1 

0 

D 

n 

0 

0 

1 

B 

0 

0 

1 

i 

m 

0 

0 

0 

0 

0 

fl 

1 

B 

To  calculate  the  manpower  value  for  each  tabulated  outcome,  the 
values  of  are  adced  for  every  case  where  a  1  exists  in  the  column  and  the 
values  of  M^*  are  added  for  every  0  in  the  column.  For  example,  if  the  input 
data  shown  in  Table  9  (which  is  the  same  problem  presented  in  Table  4)  are 
evaluated  in  accordance  with  Tabic  8,  the  required  manpower  for  outcome 
number  1  is  0  men,  for  outcome  number  2  is  5  men,  etc. ,  as  outlined  ir 
Table  10. 

Table  9.  Outline  oi  Manpower:  Probability  Matrix 
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Table  10.  Determination  of  Manpower:  Probability  by  Binary  Technique 


Project 

Outcome  Number  (s) 

1 

2 

3 

4 

5 

6 

Hi 

8 

I 

0 

1 

0 

B 

0 

1 

0 

1 

II 

0 

0 

1 

■ 

0 

0 

1 

1 

III 

0 

0 

0 

0 

1 

1 

1 

1 

.  M  (Jan) 

A  s 

0 

5 

10 

15 

! 25 

30 

35 

40 

Ps 

0.21 

0.09 

0.  14 

0.06 

0.21 

0.  09 

0.  14 

1  0.  06  | 

1 _ _ _ 1 

To  calculate  the  probability  ^  associated  with  each  tabulated  outcome, 

the  values  of  are  multiplied  for  every  0  in  the  column  and  the  values  of  p. 

are  multiplied  for  every  1  in  the  column.  If  the  input  data  of  Table  10  are 

evaluated  in  accordance  with  Table  8,  the  p  for  outcome  number  1  is  calculated 

8 

by  p  *  •  P2*  •  p3*,  the  p  for  outcome  number  2  is  calculated  by  p;  •  p2*  •  Pj*, 

s 

etc. ,  until  the  p  values  for  all  tabulated  outcomes  are  determint  .  The  p 
s  s 

values  for  this  example  problem  are  presented  in  Table  10.  This  method  of 
calculating  the  probabilistic  manpower  requirements  is  much  simpler  and 
faster  than  the  method  illustrated  in  Figure  9. 

If  the  number  of  outstanding  proposals  is  large  su_h  that  the  cumulative 
distribution  function  can  be  closely  approximated  by  the  ^numeration  technique, 
the  expected  manpower  requirement  can  be  estimated  by  the  area  above  the 
cumulative  distribution  function16  as  depicted  in  Figure  11.  This  approach  is 


16  P.  M.  Morse  and  G.  £.  Kimball,  Methods  of  Operations  Research. 
The  M.  I.  T.  Press,  Cambridge,  Massachusetts,  1962,  p.  21. 
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Figure  11.  Expected  Manpower  Estimation 


recommended  since  the  usual  method  of  computing  the  expected  value  by  the 
equation 

2r 

E  (M)  =  Y.  p  M  (10) 

,  s  s 
8—1 

becomes  quite  burdensome  as  the  number  of  outstanding  proposals  (r) 
increases.  The  expected  value  may  be  calculated  by  one  of  two  ways: 


where 


-[  /  F  (X)  dX  | 


(11) 
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n 

X=  Z  M.  , 

i  =  1  1 


or 


1 

E  (M)  =  /  F  (Y )  dy  ,  (12) 

y=F(0) 


where 

Y  =  P(X). 

F(X)  is  the  cumulative  distribution  function,  in  terms  of  X,  fitted  to 

the  enumerated  data  points. 

F(Y)  is  the  cumulative  distribution  function,  in  terms  of  P(X),  fitted 

to  the  enumerated  data  points, 
n 

is  the  total  number  of  men,  of  a  given  type,  required  during  a 

i=  1  1 

specific  time  period  if  all  of  the  n  outstanding  proposals  are  successful. 

Equation  (11)  will  be  utilized  to  estimate  the  expected  manpower 
requirement  for  the  previous  example  problem  for  illustration.  From  the 
cumulative  distribution  data  presented  in  Table  5,  the  expected  manpower 
requirement  is  given  by 


E  (X)  =  40  ~ 


+ 


+ 


"  5  10 

/  (0.018X+ 0.210)  dX+  /  (0.028X+  0.  160)  dX 

.  0  5 

25 

(0.012X+  0.320)  dX+  /  (0.  021X+  0.  185)  dX 

15 

35 

(0.  018X+  0.260X)  dXt-  /  (0.  028X-  0.04)  dX 


25  30 

40 

+  /  (0.012X+  0.52)  dX 

35 
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» 


or 

E  (X)  =  15.5  . 

The  estimate  of  15. 5  men  aiffers  somewhat  from  the  expected  value  of 
18  men  calculated  by  complete  enumeration.  The  estimated  value  is  in  error 
because  the  interpolating  functions,  F(X)  and  F(Y),  are  not  exact  representa¬ 
tions  of  the  actual  cumulative  function;  however,  as  the  number  of  contracts 
becomes  large  the  error  in  estimation  may  be  accepted  necessarily  to  avoid 
the  task  of  calculation  by  complete  enumeration. 

With  regard  to  the  burdensome  task  of  complete  enumeration  when  there 
is  a  large  number  of  outstanding  contracts,  a  variation  of  the  enumeration 
technique  is  suggested.  A  planning  organization  can  .usually  determine  the 
expected  manpower  requirements  and  the  cumulative  probability  curves  within 
acceptable  tolerances  by  enumerating  only  a  selected  number  of  possible  out¬ 
comes  as  required  to  approximate  the  cumulative  distribution  function  and 
applying  the  above  procedures.  Techniques  discussed  in  this  section  are 
adaptable  to  electronic  data  processing  computers  and  consequently  offer  gi'eat 
utility  to  the  progressive  planning  organization  for  estimating  future  manpower 
requirements. 

3.  Model  III  —  Probabilistic  Scope/ Probabilistic  Time  Scale.  The 
third  planning  model  represents  an  extension  of  Model  II  and  includes  the 
subjective  probability  of  contract  initiation  date. 

A  corporation  which  bids  competitively  on  R&D  contracts  is  not  only 
uncertain  of  which  contracts  it  will  receive,  but  until  a  contract  award  is 
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actually  made,  the  "go-ahead"  date  ia  also^nknown.  If  a  subjective  probability 
can  be  associated  with  the  expected  award  date  for  a  contract,  a  more  con¬ 
servative  estimate  of  the  future  manpower  requirement  can  be  realized.  17 

If  p  indicates  the  probability  of  receiving  the  i**1  contract  (as  in  Model 
II),  and  p^,.  indicates  the  conditional  probability  that  i  -infract  i  will  begin  in 
time  period  t,  the  expected  manpower  equation  for  Model  P  may  be  amplified  to 

n  v 


E  (M)  =  Yj  Z  PA/i  iMi(to+k}  ’  (13) 

i-  1 t  =  0  3 

o 


where 


2  V. =  1 


t  =  0 
o 


(14) 


i  is  identification  of  the  contract  proposal, 
n  is  the  total  number  of  outstanding  proposals, 
k  is  the  time  period  after  contract  go-ahead  =  t-t^  . 
t  is  the  period  in  which  it  is  assumed  that  the  contract  go-ahead  will 
be  received. 

t  is  the  absolute  time  period  ^t  =  tQ  +  k^. 

th 

v  is  the  total  number  of  time  periods  over  which  the  i  contract  may  be 
initiated  (the  range  of  values  for  t  )• 

M  (t  +  k )  is  the  number  of  men  of  type  j  required  for  project  i  during 
)  i\  o  > 


17  L.  B.  Wadel  and  C.  M.  Bush,  "An  Approach  to  Probabilistic  Fore¬ 
casting  of  Engineering  Manpower  Requirements,"  IRE  Transactions  on 
Engineering  Management,  Vol.  EM-8,  No.  3,  September,  1961. 
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the  period  t,  assuming  that  the  contract  will  be  initiated  in  the  t  time 

o 

period. 

The  best  way  to  explain  this  model  io  to  consider  an  example  problem. 
Suppose  it  is  known  for  certain  ^p.  =  1^  that  a  given  contract  will  be  received, 
that  the  required  manpower  of  a  given  type  will  be  as  shown  in  Figure  12,  and 


MONTHS  AFTER  CONTRACT  GO-AHEAD  (k) 

Figure  12.  Manpower  Requirements 
for  Contract  I 


CONTRACT  GO-AHEAD  DATE 

Figure  13.  Probability  of  Go-Ahead 
Date:  Contract  i 


the  probabilities  associated  with  expected  contract  initiation  dates  are  0.  6  and 
0.4  (vigure  13).  If  the  contract  is  awarded  in  January,  the  manpower  require¬ 
ments  will  be  2,  4,  8,  and  10  men  per  month  (Figure  14).  However  since 
there  is  only  a  60-percent  chance  that  contract  go-ahead  will  be  received  in 
January,  the  expected  manpower  requirements  are  1.2,  2.4,  4.  8,  and  6  men 
per  month  (Figure  15).  if  the  contract  is  not  awarded  in  January  but  is 
awarded  in  February,  the  manpower  requirements  for  the  contract  will  be  0, 

2,  4,  8,  and  10  men  per  month  (Figure  16).  However,  the  expected  manpower 
requirements  will  be  0,  0.8,  1.6,  3.2,  and  4  men  per  month  IFigure  17)  due  to 
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JAN  FEB  MAR  APR  MAY 

Figure  14.  Contract  1  Manpower  Require¬ 
ments:  January  Go-Ahead 


the  40-percent  chance  of  the 
contract  being  awarded  in 


February.  Since  the  total 


expected  requirement  for  any 


month  is  the  sum  of  the 


expected  requirements  for 


that  month,  the  results  in 


Figures  15  and  17  may  be 
combined  to  develop  the  total 


Q 

Ul 

DC  IQ 


JAN  FEB  MAR  APR  MAY 

Figure  15.  Contract  !  Expected  Manpower 
Requirements:  January  Go-Ahead 


expected  manpower  array 
shown  in  Figure  18.  Review 
of  the  graphical  presentation 
of  this  problem  makes  the 


mechanics  for  equation  (13) 


easier  to  comprehend.  For 


example,  if  equation  (13;  and 


the  data  given  in  Figures  12 


and  13  are  utilized  to  calcu¬ 


late  the  expected  manpower  requirement  for  the  month  of  March,  the  model 
simplifies  to 


E(MMar,h) 


t  ^Jan 
o 


p,  M(to  ♦  k) 


(pJa..)(M  *  (PFeb)(M|-!)  ' 


Z  - 

lil  6 


JAN  FEB  MAR  APR  MAY 

Figure  16.  Contract  I  Manpower  Require¬ 
ments:  February  Go-Ahead 
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Figure  17.  Contract  I  Expected  Manpower 
Requirements:  February  Go-Ahead 


Therefore,  the  solution  is 

E(MMarch)  ”  <0-6)<8> 
+  (0.4)  (4) 


=  6.4  men, 
which  is  equivalent  to  the 
results  presented  in  Figure 
18.  The  mathematics  may 
be  streamlined  by  utilizing  a 


M*P( 


matrix  similar  to 


Table  11.  The  only  input 
data  required  to  develop  such 
a  matrix  are  the  manpower 
requirements  with  respect  to 
the  contract  go-ahead  date 
(Figure  12)  and  the  prob¬ 
ability  associated  with  each 
possible  go-ahead  date 


(Figure  13).  The  table 


entries  are  calculated  as  follows: 


Step  1  —  Multiply  p^^  by  M^ ,  and  enter  the  result  in  the  first  column 
of  the  first  row. 

Step  2  —  Multiply  p^^  by  the  succeeding  M^  values  and  tabulate  the 
results  along  the  matrix  diagonally  (Table  11). 
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Step  3  —  Multiply  p 
by  Mo_  j  and  enter  the  result 
in  the  second  column  of  the 
first  row. 

Step  4  —  Multiply  p„  , 
bv  the  succeeding  values  of 

M,  and  tabulate  the  results 

k 

along  the  diagonal  (Table  11). 
This  process  is  continued 
until  all  v  values  of  p^  are  utilized  and  the  exnected  manpower  requirement  for 
each  month  is  determined  by  summing  the  respective  columns  within  the 
table. 

Ifa  probability  of  capture  had  been  associated  with  this  example  problem, 
the  M  column  in  Table  11  would  have  been  modified  by  multiplying  each  M 
value  by  and  proceeding  in  the  same  manner  demonstrated  in  the  Appendix. 


Table  11.  Manpower  Probability  Matrix  for  Example  Problem 


t 

Jan 

Feb 

Mar 

Apr 

May 

June 

B 

n 

0 

n 

0 

0 

m 

IB 

Si 

1 

a 

1.6 

V 

^ _ 

B 

4.  8 

v 

NEB 

i 

1 

nsi 

Ml 

E(M,) 

1.2 

_ 

a 

6.4 

9.2 

_ 

4.0 

0 

J 

Figure  18.  Total  Expected  Manpower 
Requiremeni  for  Contract  I 
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If  a  large  number  of  proposals  are  outstanding  such  that  the  normal 
distribution  may  be  assumed  for  the  probabilistic  manpower  requirement,  the 
variance  about  the  expected  value  may  be  determined  by 

r  n  v  1 


Cl 


2  , 


V  V 

Lj  Lj 

i  “  1  t  =  0 


(P1  Vt)  JM1  (‘o  +  k) 


n  v 


2 


V 

Lj 

i  =  1 


t  =  0 


(PiPt/i)  k) 


(IP) 


L  o  J 

In  the  previous  example  problem,  variance  for  the  month  of  March  about  the 
expected  vaiue  of  6.4  men  is 

ct2  =  f(O.S)(S)2  +  (0. 4)  (4)0  -  £(0.  6)  (8)  +  (0.4)  (4)]  2 
=  44. 8  -  41. 06 
»  3.  74  . 


The  probabilistic  manpower  requirements  may  therefore  be  expressed  as  6.4 
* \ 3.  74  (or  6.  4  *1.  93  men),  and  the  cumulative  probability  function,  assuming 
normality,  is  calculated  bv  equation  (8),  where 


i‘(X>  • 


1 


1.  93  \2  sr 


x 

f  e 


1  f  X  -  6.  4V 
'  2  \  1.93  1 


dX 


(17) 


The  resulting  cumulative  distribution  for  the  March  probabilistic  manpower 
requirement  is  presented  in  Figure  19. 

The  reader  is  again  cautioned  that  the  normal  distribution  should  not  be 
assumed  for  the  probabilistic  manpower  requirement  unless  there  are  a  large 
number  of  outstanding  proposals.  As  with  Model  II,  if  conditions  of  the  man¬ 
power  planning  problem  do  not  support  the  issumption  of  normality,  the 
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NUMBER  OF  MEN  REQUIRED 


Figure  19.  Cumulative  Probabilistic  Manpower  Requirement 


planning  problem  must  be  solved  by  a  complete  enumeration  technique. 

To  develop  a  complete  enumeration  technique  for  Model  III,  reference 
is  made  to  the  enumeration  process  developed  for  Model  II.  It  was  shown  that 
for  one  outstanding  proposal  there  were  two  probable  outcomes  (Figure  20). 

For  proposal  I,  there  is  a  Pj  probability  that  the  contract  will  be 
received  and  that  .M^t)  men  of  type  j  will  be  required  during  the  period  t. 
There  is  also  ap  /  probability  that  the  contract  will  not  be  received  and  zero 
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Figure  20.  Enumeration  Process  for  Model  II:  One  Proposal 

men  will  be  required.  For  the  case  of  two  outstanding  proposals,  it  may  be 
shown  for  Model  II  that  four  outcomes  are  possible  (Figure  21).  The  man¬ 
power  requirements  and  the  associated  probability  for  each  possible  outcome 
are  also  presented  in  Figure  21.  If  the  corporation  has  three  proposals  out¬ 
standing,  it  may  be  shown  that  eight  outcomes  are  possible  (Figure  22). 

The  technique  developed  for  Model  II  may  be  expanded  to  include  the 
probability  of  contract  initiation  date  (Model  III).  For  example,  if  one  contract 
proposal  is  outstanding  with  a  Pi  probability  of  capture  and  a  p^  conditional 
probability  associated  with  the  v1  probable  starting  dates,  it  can  be  shown  that 
Vj+  1  outcomes  are  possible  (Figure  23).  Figure  23  represents  the  complete 
enumeration  process  for  one  outstanding  proposal,  where 

t  is  the  time  period  for  which  a  probabilistic  manpower  requirement  is 


to  be  determined. 


j  PROBABILISTIC  requirement 

I 
I 


PROBABILITY 


|  p1*2 


P1  p2 


Pi  P 


]  w 2 


*  * 
P1  p2 


MANPOWER 


jM^)  +jM2(») 


jM^(t)  +  ZERO 


ZERO  +jM2(») 


ZERO  *  ZERO 


Figure  21.  Enumeration  Process  for  Model  II:  Two  Proposals 
pt  is  the  probability  of  capture  for  project  I. 

p*  is  the  probability  that  project  I  will  not  be  received  (p*  -  1  -  p j) . 
tj  is  the  first  time  period  in  which  contract  I  may  be  initiated. 
t2  is  the  second  time  period  in  which  contract  I  may  be  initiated. 
ty  is  the  final  time  period  in  which  contract  I  may  be  initiated. 

Vj  is  the  total  time  period  within  which  project  I  must  be  initiated  if  it 
is  received. 

p.  ..  is  the  nrobability  of  contract  I  being  initiated  in  period  tlt  given 
t  j/i 

that  contract  I  will  be  received. 

pt/ 1  is  tiie  Probability  that  contract  I  will  be  initiated  in  period  t*, 
given  that  contract  I  will  be  recel .  ed. 
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PROBABILISTIC  REQUIREMENT 
PROBABILITY!  MANPOWER 


Figure  22.  Enumeration  Process  for  Model  II:  Three  Proposals 


Figure  23.  Enumeration  Process  for  Model  III:  One  Proposal 

p  .  is  the  probability  that  contract  I  will  be  initiated  in  period  t  , 
t  / 1  v. 

given  that  contract  I  will  be  received. 

vt 

Z  Pt  *  h 
v-  1  v 

k  is  a  variable  depending  on  the  time  period  of  interest  (t)  and  the 
assumed  initiation  period  for  the  project. 

^  (tj  +  k)  is  the  number  of  type  j  men  required  during  period  t  when 
it  is  assumed  that  project  i  will  be  initiated  during  period  tj. 

(t2  +  k)  is  the  number  of  type  j  men  required  during  period  t  when 
it  is  assumed  that  project  I  will  be  Initiated  during  period  t}. 

*MS  +  k\  is  the  number  of  type  j  men  required  during  period  t  when 
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it  is  assumed  that  project  I  will  be  initiated  during  period  t  . 

vi 

As  an  illustration t  consider  the  previous  problem  where  manpower 


requirements  and  probable  contract  initiation  dates  were  presented  in  Figures 
12  and  13  respectively.  Then,  by  using  the  enumeration  notation, 
t  =<  April  (assumed) 

Pj=  1  (given  condition) 

tj=»  January 

t2  =*  t  a  February 

vi 

v  j  *  2 

pt1/x=°  6 

Vl'Pt  A*0'4 
V1 

(t,+  k)  =  10  (from  Figure  12  where  k  =  3-4) 

M  (t2  +  k)  =  M  (t  +  k\  =  8  (from  Figure  12  where  k=»  2-3). 

1  1  J  1  \vi  / 

Application  of  these  dab  to  the  enumeration  process  presented  in 
Figure  23  yields  the  April  manpower  requirements  presented  in  Table  12.  It 
should  be  noted  that  results  obtained  by  the  enumeration  technique  are  identical 
to  those  obtained  by  the  previous  method  and  presented  in  Table  11. 


Table  12,  Probabilistic  Manpower  Requirement  for  Project  I  in  April 


Proba 

E»ility 

Manpower 

Expected 

Calculated 

Cumulative 

Requirement 

Requirement 

RRRHHQyj 

0.6 

? 

jMj  (tt+  k)  ,  10 

jMj  (t2+  k)  j  8 

6.0 

3.2 

BUB 

zero  1  0 
_ I _ 

0.0 

,  — . . - 

lowu  expected  manpower  requirement 


9.2 


For  the  case  of  two  outstanding  contract  proposals,  the  complete  enu¬ 
meration  technique  yields  vt  +  v?  +  v2  v2  +  1  possible  outcomes  as  indicated  in 
Figure  24.  Notation  for  Figure  24  is  identical  to  that  for  Figure  23  with  the 
following  additions: 

p2  Is  the  probability  that  contract  II  will  be  received. 
p2*  is  the  probability  that  contract  II  will  not  be  received. 

Pt  is  the  probability  that  contract  II  will  be  initiated  in  its  respective 
tt  time  period. 

p  ,  is  the  probability  that  contract  n  will  be  initiated  in  its  respective 
t2  time  period. 

Pt  ^  g  is  Probability  that  contract  n  will  be  initiated  in  its 
respective  t^  time  period. 

v2 

Z  Pt  »  1  • 

v»  1  v 

M  (t t  +  k)  is  the  number  of  type  j  men  required  during  period  t  when 
J  2 

it  is  assumed  that  contract  II  will  be  initiated  during  its  respective  tt 
period. 

M,  (tj  +  k)  is  the  number  of  type  j  men  required  during  period  t  when  it 
J  * 

is  assumed  that  contract  II  wll'  be  initiated  during  its  respective  t} 
period. 

.M0  (tj  +  k)  is  the  number  of  type  j  men  required  during  period  t  when 
it  is  assumed  that  contract  n  will  be  initiated  during  its  respective  t} 


period. 


Figure  24.  Enumeration  Process  for  Model  HI:  Two  Proposals 


53 


jM2  (ty  +  k)  is  the  number  of  type  j  men  required  during  period  t 
when  it  is  assumed  that  contract  II  will  be  initiated  during  its 
respective  t^  time  period. 

v2  is  the  total  time  periods  within  which  contract  n  must  be  Initiated 
if  it  is  received. 

As  the  number  of  outstanding  proposals  increases,  manpower  estima¬ 
tion  by  complete  enumeration  becomes  quite  burdensome  without  the  use  of 
electronic  computers.  It  can  be  shown  that  as  the  number  of  contracts 
increases  from  one  to  two,  the  enumerated  outcomes  increase  from  v,  +  1  to 
V|  +  v2  +  vt  v2  +  1.  If  three  contracts  are  considered,  the  number  of  enumera¬ 
tion  outcomes  increases  to  v,+  v2  +  v3  +  Vj  vs  +  v2  v3  +  v,  v2  v3  +  1 
(Figure  25).  If  a  large  number  of  proposals  must  be  considered,  and  the 
assumption  of  normal  distribution  does  not  seem  appropriate,  a  planning  organ¬ 
isation  can  usually  determine  the  expected  manpower  requirements  and  the 
cumulative  probability  curves  within  acceptable  tolerances  by  enumerating 
only  a  selected  number  of  outcomes  as  suggested  for  Model  n. 

Fortunately,  the  complete  enumeration  process  developed  for  Model  III 
is  a  general  solution  to  the  problem  of  estimating  future  manpower  require¬ 
ments.  Problems  which  Inherently  satisfy  the  requirements  of  Model  I  end 
Mode!  n  may  be  solved  with  the  Model  ni  enumeration  technique  by  proper 
•election  nf  the  input  subjective  and  conditional  probabilities.  The  ba^sio  tech¬ 
nique  may  also  be  expanded  to  Include  additional  probabilistic  variables.  For 
example,  it  was  previously  Indicated  that  the  probability  of  meeting  certain 
contractual  milestones  may  be  estimated  by  the  u  till  rati  on  of  Gantt  and  PERT 
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Figure  25.  Enumeration  Process  for  Model  III:  Three  Proposals  (Concluded) 
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scheduling  techniques;  therefore,  Model  III  could  be  expanded  to  include  the 
probabilistic  program  schedule. 

In  effort  to  clarify  any  question  the  reader  may  have  concerning  the 
mechanics  of  estimating  future  manpower  requirements  by  complete  enumera¬ 
tion,  solution  of  a  numerical  problem  with  two  outstanding  proposals  seems 
appropriate. 


0  12  3  4  5 

MONTHS  AFTER  CONTRACT  INITIATION 


Given  two  outstanding 
contract  proposals  with  dura¬ 
tions  of  five  months  and  six 
months  as  shown  in  Figures 
26  and  27,  with  probabilistic 
contract  initiation  dates  as 
shown  in  Figures  28  and  29, 
and  with  capture  probabilities 
of  Pi«=  (0.8)  andp2=  (0.7), 
what  is  the  probabilistic  man¬ 
power  requirement?  To 
solve  this  problem  the 


'Figure  26.  Time  Adjusted  Manpower  Array 

for  Contract  I  probabilistic  manpower 

requirement  data  presented  in  Figure  24  are  utilized.  The  problem  may  be  set 

up  as  shown  in  Tables  13  and  14  and  solved  as  indicated  in  the  Appendix.  The 

resulting  expected  manpower  requirement  for  these  two  outstanding  proposals 

is  presented  in  Figures  30  and  31,  If  management  chooses  to  use  some  criteria 

other  than  expected  values  (80  percent  confidence  level  for  example),  they  may 
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MONTHS  AFTER  CONTACT  INITIATION 


utilize  the  actual  distribu¬ 
tions  oi  the  probabilistic 
manpower  requirements  as 
presented  in  the  Appendix. 


Figure  27.  Time  Adjusted  Manpower  Array 
for  Contract  H 


JAN  FEB  MAR 


Figure  28.  Probable  Initiation 
Dates  for  Contract  I 


Figure  29.  Probable 
Initiation  Dates  for 
Contract  II 


EXPECTED  NUM0EX  OF  MEN  EXPECTED.  NUMBER  OF  MEN 
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Figure  30.  Corporation  Expected  Manpower  Requirement:  Type  A 


Figure  32.  Corporation  Expected  Manpower  Requirement:  Type  B 


CHAPTER  HI 


MINIMUM  COST  METHOD 

A.  Statement  of  the  Problem 

Given  a  finite  work  schedule,  what  are  the  optimum  levels  of 
full  time  employment  for  the  corporation  during  the  subject  scheduling  period? 
To  evaluate  this  problem,  it  is  necessary  to  recognize  that  hiring  and  training 
of  employees  prior  to  contract  award  can,  in  most  instances,  result  in  sub¬ 
stantial  reductions  in  costs  by  minimizing  premium  cost  overtime.  Also, 
reductions  in  the  work  force  have  tangible  and  Intangible  costs  which  the 
corporation  is  usually  reluctant  io  Incur.  The  problem  then  is  to  develop  a 
strategy  which  optimizes  lull  time  employment  and  minimizes  labor  costs 
during  the  contract  period  consistent  with  company  labor  policies,  union  agree¬ 
ments,  etc. 

For  application  of  the  mathematical  expressions  developed  in  this 
chapter,  the  assumptions  outlined  In  Chapter  I!,  B  and  the  procedures  for 
developing  contract  schedules  and  associated  manpower  requirements  outlined 
in  Chapter  II,  C,  1  are  adopted.  It  is  also  assumed  in  this  thesis  that  the 
contractual  workload  can  be  processed  by  three  types  of  manpower:  full  time 
company  employees,  overtime,  and  subcontracting.  Full  time  employees  are 
considered  as  either  experienced  (incumbent)  or  new  employees. 


9 


There  are  many  factors  which  influence  the  full  time  work  force,  such 
as  voluntary  terminations,  and  are  nci  considered  in  this  presentation.  How¬ 
ever,  the  models  developed  herein  are  readily  adaptable  to  those  situations 
peculiar  to  any  given  corporation. 

B.  Data  Inputs 

1.  Finite  Time  —  Adjusted  Workload.  For  any  given  contract, 
management  must  be  able  to  identify  the  numbers  and  types  of  personnel 
required  for  the  duration  of  the  contract.  For  example,  contraot  I  may 
require  type  A  employees  as  indicated  in  Table  15.  .The  time- adjusted  man¬ 
power  requirements  reflect  the  number  of  experienced  Ml  time  employees 
needed  to  perform  the  workload  associated  with  the  contraot  (or  contracts). 


Table  15.  Time- Adjusted  Type  A  Manpower  Requirements  for  Contraot  I 


Time  Period 

January 

February 

March 

April 

Workload  (men) 

10 

10 

20 

30 

2.  Efficiency  Factors.  The  different  types  of  manpower  may  vary  in 
net  output  per  man;  therefore,  efficiency  factors  must  be  based  on  previous 
contract  experience  where  management  aoquired  evidence  that  some  types  of 
manpower  are  more  (or  leee)  productive  than  others. 

Total  capacity  for  the  corporation  during  any  period  of  time  la  therefore 
given  by 

2t  *  *l*l,t  +  *2*2,*  +  *4X4,t  +  *5*5,4+  *«X6,t  ,  (W) 
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where 


Z  is  the  effective  capacity  of  manpower  available  during  period  t. 

V 

X,  .  is  the  number  of  experienced  employees  available  during  period  t. 
l,t 

X  is  the  number  of  new  employees  available  during  period  t. 

X,  .  is  the  number  of  overtime  units  which  can  be  worked  by  experienced 

4,t 

employees  during  period  t. 

X.  .  is  the  number  of  overtime  units  which  new  employees  can  work 
5»  t 

during  period  t. 

X.  is  the  number  of  subcontract  personnel  available  during  pericd  t. 

6,  t 

A !  is  the  efficiency  factor  for  experienced  employees  and  is  normally 
1. 00  since  the  time-adjusted  manpower  requirement  is  based  on 
experienced  employees. 

X2  is  the  efficiency  factor  for  new  employees  and  is  usually  less  than  Aj. 
A4  is  the  efficiency  factor  for  experienced  employee  overtime  and  is 
usually  less  than  Aj. 

A#  is  the  efficiency  factor  for  new  employee  overtime  and  is  usually  less 
than  A  j  and  also  \  . 

A,  is  the  efficiency  factor  for  subcontract  personnel  and  is  usually  less 
than  A] . 

Note  that  X.  ,  which  is  the  number  of  full  time  employees  to  be 

tj  •  a 

terminated  during  period  t,  is  not  Included  in  equation  (18). 

3.  Cost  Factors.  Operating  cost  for  a  corporation  during  any  period  of 
time  is  not  only  a  function  of  the  manpower  plan  but  also  of  the  unit  oost  for 
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each  type  of  manpower  utilized.  Management  must  again  rely  on  previous 
experience  for  estimating  the  unit  costs  associated  with  advertising  for  and 
hiring  new  employees  and  estimating  the  tangible  and  intangible  costs  asso¬ 
ciated  with  mandatory  termination  of  full  time  employees.  Costs  associated 
with  overtime  and  subcontracts  are  usually  p  re -determined  by  labor  agree¬ 
ments  and  contract  negotiations.  For  the  purpose  of  this  analysis,  unit  costs 
will  be  identified  as  follows: 

C]  is  the  cost  per  time  period  for  experienced  personnel. 

C2  is  the  cost  per  time  period  associated  with  new  personnel. 

Cj  is  the  cost  associated  with  termination  of  full  time  employees. 

C4  is  the  cost  per  time  period  for  experienced  employee  overtime. 

C5  is  the  cost  per  time  period  for  new  employee  overtime. 

Cg  is  the  cost  per  time  period  for  subcontract  personnel. 

4.  Constraints.  Due  to  management  policies,  labor  agreements,  etc. , 
constraints  usually  exist  which  limit  the  range  of  values  for  Xj,  where  i  ■  1, 

2  ...  6.  It  is  also  necessary  that  the  effective  capacity  of  manpower 
satisfy  the  estimated  workload  in  some  instances  it  may  be  more  econ¬ 

omical  to  maintain  excess  capacity;  therefore, 

Zt*W{.  < w 


C.  Development  of  Solution 

As  previously  noted,  the  problem  is  one  of  determining  the  optimum 
manpower  schedule  for  a  given  workload  whan  the  manpower  echednts  is  subject 
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to  constraints  imposed  by  management  policies  and  labor  agreements.  The 
optimum  manpower  schedule  is  defined  as  that  schedule  which  permits  the 
corporation  to  operate  for  the  duration  of  the  contract  (or  contracts )  with 
minimum  labor  costs. 

tabor  costs  for  the  manpower  schedule  are  given  by 


=1*  2  (ClXl,ttC2X2,.tC3X3.ttC4X4,t+SX5..tC6X6,,) 


where  the  allowable  range  of  values  for  X  ,  X„  ....  X.  are 

•  i  t  2,  t  6 1  t 

0  ^  X1  ^  the  number  of  experienced  employees  available  at  the 
• 

beginning  of  period  t  (not  including  X  ). 

3,  t 

CSX,  .  -  maximum  allowable  number  of  new  employees. 

OSX  *  maximum  allowable  number  of  employee  terminations. 

3,  t 

0#.X,  s  maximum  allowable  units  of  experienced  employee  overtime, 
•t.t 

0  5  Xr  .  -  maximum  allowable  units  of  new  employee  overtime. 

OsX,  .  *  maximum  allowable  subcontract  units. 

6.  t 

The  minimum  values  for  Xj  are  established  by  equation  (19)  or 

\v  s  X.X,  .  +  X„X0  ♦  XX,  +  XX,  „  +  XX  .  .  (21) 

t  1  l.t  2  2,t  4  4,t  G  S.t  6  6. t 

Assuming  that  new  employeea  may  be  adequately  trained  in  one  time 


period,  then 


X-  .  A  t  *  X,  .  ♦  Xo  .  '  X,  1  ^  , 
l.t  ♦  1  l.t  2.t  3,t  ♦  1 


To  derive  the  minimum  cost  schedule,  a  linear  programming  approach 


will  be  used.  Requirements  and  data  inputs  for  the  problem  are  receptive  to 


66 


the  Simplex  Technique1  for  cost  minimization.  An  illustrative  problem  will  be 
solved  to  demonstrate  the  cost  minimization  method. 


Suppose  the  scheduling  period  consists  of  four  months  and  the  initial 
number  of  experienced  employees  is  60.  The  expected  workload  is  shown  in 
Table  16,  and  personnel  constraints  exist  such  that 


0  <  X 
-  X 


0  <  X 


M 

2, t 

3, t 
C4.t 

5,t 


s  100 

5=  20 

<  20 
<  30 
£  30 
s  20 


Table  16.  Projected  Workload  for  Minimum  Cost  Example  Problem 


Time  Period  (t) 

(1) 

January 

(2) 

February 

(3) 

March 

(4) 

April 

Workload  (men) 

50 

70 

90 

60 

Unit  costs  and  efficiency  factors  for  the  various  types  of  manpower  are 
presented  In  Table  17.  The  problem  is  to  determine  the  minimum  cost  plan  for 
the  given  workload. 

Referring  to  the  Simplex  Technique  for  solution,  the  objective  function 


is 


CT-  UR,  ,♦  UK,  ,♦  50X,  1  .  W0C4fl*  «<*,,♦  11^, 
♦  ■0fflC1_2*130Xli!*  S0X3i2.  I5«X4i2* 


*C.  W.  Churchman,  R.  L.  Achoff,  E.  L.  Arnoff,  Introduction  to  Opera¬ 
tions  Research.  John  Wiley  ft  Sons,  Inc. ,  New  York,  New  York,' J963,  p.  304. 
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Unit  Cost  ($) 

Identification 

Efficiency  Factor 

Ci^1  100 

Experienced  employees 

=  1.00 

C,  =  130 

New  employees 

Xj  ~  0. 50 

Cs-  50 

Mandatory  terminations 

sP 

It 

cn 

o 

Experienced  employee  overtime 

X4  =  0.  70 

$5=  150 

New  employee  overtime 

Xj  =  0.  35 

no 

Subcontract 

=  o«  so 

+  100X1,3*  130X2,3*  50X3,3  +  150X4,3+  “0X5,3+  I7°X6.3 


+  100X,  +  130X„  ,4  50X  +  150X  .  +  150X  .+  170X,  .  , 

1,4  2,4  3,4  4,4  5,4  6,4 

and  the  constraints,  assuming  that  a  new  employee  is  experienced  after 
one  month,  are 

(1)X,  ,+  O.tiSL  ,+  0.7X.  .+  0. 35X_  +  0. 8X.  *50 

1|  1  i  *j  A  -1  w*  * 

<2>X1,2  +  °-5X2,2+  °-7X4,2+  °'35X5,2  +  °-8X6,2  2  7° 

<3)X1,3  +  °'6X2,3+  °-7X4,3+  °-35X5,3+  °-8X6,3290 

(4'X1,4+  °'5X2,4t  0-7X4,4+  °-35X5.4+  °'8X6,4260 

(51  X  S60  (initial  state) 

*»  * 


■  Experienced  employees 
during  t 


„  =  60 

3,1 

-  X.  „ 

-  X„  =0 

3,2  1,1 

2, 1 

-  X,  „ 

-  X„  „  *  0 

3,3  1,2 

2, 2 

-  X.  „ 

-  =  0 

3,4  Al,3 

2,3 

(10)  X1  ^  5U 

(11)  X12-  50 


i 

i 

■  { 


i 

i 

i 
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Experienced  employee 
constraints 


New  employee  constraints 


Mandatory  termination 
constraints 


Experienced  employee 
overtime  constraints 


New  employee  overtime 
constraints 


Subcontract  constraints  . 


tl 


3y  using  the  Simpler  Technique  to  minimize  the  objective  function,  the 
minimum  cont  solution  it- 


j 

January 

February 

Ma  *ch 

April 

x12«go 

Xl,3”30 

*1.4=  30 

X„  =20 

2,2 

\s-  “•« 

X3,4=2° 

The  oinimuic  cost  plan  is,  therefore,  to  retain  the  original  60  employees  dur¬ 
ing  January  and  February,  hire  20  additional  employees  prior  to  1  February, 
subcontract  12. 5  additional  man  months  in  March,  and  terminate  20  full  time 
employees  in  April. 

The  reader  should  note  that  there  are  solutions  which  reduce  the  total 
cost  for  any  given  peHod  (t) ;  however,  there  are  no  other  solutions  which 
reduce  the  cost  over  the  entire  planning  interval,  January  through  April. 

It  should  be  evident  that  the  Minimum  Cost  Method  presented  herein  can 
readily  be  adapted  to  planning  situations  peculiar  to  any  corporation  at  any  given 
time.  This  may  be  accomplished  by  modifying  the  objective  function  and  con¬ 
straints  to  meet  the  needs  of  the  planning  problems  at  hand. 


T 


CHAPTER  IV 


MINIMUM  RISK  METHOD 

A.  Statement  of  the  Problem 

Given  the  probabilistic  manpower  requirements,  management  needs  a 
decision-making  tool  which  allows  the  corporation  to  plan  for  some  level  of  full 
time  employment  and  adjust  with  minimum  consequence  to  the  actual  workload 
when  it  occurs. 1  As  noted  in  Chapter  Q,  the  array  of  all  possible  workloads  and 
their  probabilities  of  occurrence  can  be  calculated.  In  Chapter  HI,  a  minimum 
cost  technique  was  developed  to  indicate  the  optimum  manpower  plan  for 
performing  each  of  the  possible  workloads.  The  Minimum  Risk  Method 
developed  herein  provides  management  with  a  plan  which  facilitates  transition 
to  the  required  manpower  level,  regardless  of  which  possible  workload  occurs, 
and  enables  the  corporation  to  perform  its  contract  agreements  with  optimum 
overall  labor  costs. 

To  consider  all  of  the  possible  workloads  the  notion  of  risk  is  introduced 
where  risk  for  e  given  workload  is  defined  as  the  cost  of  making  a  transition, 
in  later  intervals,  from  a  specific  manpower  level  to  the  appropriate  Minimum 


1R.  F.  Jewett,  "A  Minimum  Risk  Manpower  Scheduling  Technique, " 
Management  Science,  Vol.  13,  No.  10,  June,  1967,  p.  B-579. 
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Cost  level.  Since  the  actual  workload  can  only  be  addressed  in  a  probabilistic 
manner,  risk  is  expressed  as  a  function  of  workload  and  the  corporate  planned 
manpower  level. 

Transition  must  be  accomplished  in  harmony  v  ith  the  Minimum  Cost 
Method  constraints  noted  in  Chapter  ID,  and  consequently,  transition  may 
require  several  time  intervals . 

If  the  planned  manpower  level  is  above  the  Minimum  Cost  level  for  the 
workload  which  occurs,  transition  costs  stem  from  excess  capacity  and  possibly 
layoffs  of  personnel.  If  the  planned  manpower  level  is  below  the  Minimum  Cost 
level  for  the  workload  which  occurs,  transition  costs  stem  from  overtime  and 
possibly  excess  hiring  of  personnel. 

In  summary,  risk  is  the  cost  of  adjusting  to  the  workload  that  actually 
occurs.  Once  the  actual  workload  becomes  known,  an  adjustment  or  transition 
*s  made  and  the  appropriate  Minimum  Cost  schedule  is  followed.  Therefore, 
the  problem  is  to  identify  a  manpower  level  for  planning  which  minimizes  total 
risk  for  the  given  range  of  workload  levels. 

B.  Data  Inputs 

In  effect,  the  Minimum  Risk  Method  utilizes  manpower  planning  tech¬ 
niques  developed  in  Chapter  II  and  Chapter  III.  The  data  inputs  for  Minimum 
Risk  are  (1)  the  enumerated  array  of  all  possible  workloads  and  the  probability 
of  occurrence  for  each  and  (2)  the  Minimum  Cost  plan  for  performing  each  of 


the  possible  workloads. 


C.  Development  of  Solution 


As  previously  noted,  the  problem  is  to  identify  a  manpower  planning 
level  which  minimises  total  risk  for  the  given  range  of  workload  levels. 

For  application  of  the  mathematical  expressions  developed  in  the 
following  paragraphs,  all  assumptions  outlined  in  Chapter  II,  B  and  Chapter 
m,  A  are  adopted. 

The  risk  for  each  possible  workload  level  is  the  transition  coot  for 

adjusting  from  die  planned  manpower  level  to  the  actual  workload  whan  it 

*  th  , 

occurs.  If  C*  is  the  minimum  cost  for  the  k  workload  and  is  the  cost  of 

adjusting  from  the  planned  manpower  level  in  foe  minimum  number  of  time 

th  th 

periods  and  completing  die  k  workload,  then  theriak  (R)  for  the  k  workload 

is  given  by 

\  "  Ck  '  °k  *  <23) 

The  expected  risk  (R'>  for  each  of  the  k  workloads,  by  equation  (1),  is  there¬ 
fore 

V'vVkft -<=;)•  <«> 

where  is  the  probability  of  occurrence  for  the  k^  workload. 

The  total  risk  |R(. ) )  for  any  manpower  plan  is  given  by 

^>  - 1 .  <»> 

The  problem  now  becomes  me  of  determining  manpower  planning  levels  X’ 

*»  * 

and  t  which  minimize  R(- 1  without  violating  the  constraints  noted  for  the 
Minimum  Cost  plan  (Chapter  HI) . 
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To  solve  the  problem,  an  enumeration  process  is  utilized  whereby  R(- ) 

is  calculated  fbr  all  feasible  values  of  X*  and  X'  .  The  enumeration  which 

19 1  A  l 

yields  the  minimum  R(* )  defines  the  Mir4  mum  Risk  plan.  This  technique  is 
demonstrated  in  the  following  illustrative  problem. 

Suppose  the  scheduling  period  is  4  months  and  the  initial  number  of 
experienced  employees  is  60.  The  corporation  has  two  outstanding  proposals 
for  R&D  contracts  with  estimated  capture  probabilities  of  0. 6  and  0. 3  respec¬ 
tively  and  it  will  not  be  known  until  1  January  if  the  contracts  will  be  received. 
The  type  A  manpower  requirements  for  each  contract  are  presented  in  Table  18. 
The  projected  manpower  requirement  without  consideration  of  the  two  new 
contracts  is  also  shown  in  Tatle  18. 


Table  18.  Type  A  Manpower  Requirements:  Minimum  Risk  Problem 


- 

Identification  of 
Manpower  Requirements 

. — 

Probability 

January 

February 

March 

April 

Workload  without  new 
contracts 

1.0 

50 

70 

90 

60 

Contract  I 

0.6 

10 

10 

20 

30 

Contract  n 

0.3 

■  - 

30 

20 

20 

10 

Due  to  company  policies  and  labor  agreements,  c<*nstraint»  exist  such 


0*  X,  .  ^  30 
4,t 

0SXe  ^  30 

O)  t 

OSX,  .  £  20 
6,t 

Unit  costs  and  efficiency  factors  for  the  various  types  of  manpower  are 
presented  in  Table  19.  (Note  that  this  problem,  without  new  contracts,  was 
solved  in  Chapter  ni  to  illustrate  the  Minimum  Cost  Method. )  It  is  also 
assumed  that  new  employees  can  be  trained  within  one  time  period. 


Table  19.  Unit  Costs  and  Efficiency  Data  for  Minimum  Risk  Problem 


Unit  Costa  <$) 

Identification 

Efficiency  Factors 

C,=-  100 

Experienced  employees 

A,«  1.00 

C,®  130 

New  employees 

Aj  *  0. 50 

Cj*  50 

Mandatory  terminations 

C4“  150 

Experienced  employee  overtime 

X*«  0.70 

Cs»  150 

New  employee  overtime 

A*  ®  0. 35 

C,  »  170 

Subcontracts 

A,  -  0. 80 

The  problem  la  to  determine  values  for  X'  »  X*  . ,  etc. ,  which 

*»  *  *i  * 

minimize  the  total  risk  for  this  planning  situation. 

Referring  to  the  complete  enumeration  technique.  Chapter  11,  there  are 
four  possible  workloads  with  probabilities  of  occurrence  ss  calculated  am) 
shown  is  Table  20.  The  Minimum  Coat  plan  for  each  of  the  four  possible 
workloads,  def  mined  by  the  Smplex  Technique  of  Chapter  HI.  ie  presented 
in  Table  21. 

Since  the  primary  Interest  for  planning  is  full  time  employees,  and  the 
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Table  20.  Enumerated  Workload  Requirements  for  Minimum  Risk  Problem 


Table  21.  Minimum  Cost  Manpower  Plans  for  Minimum  Risk  Problem 


Minimum  Cost  plans  of  Table  21  indicate  that  portions  of  the  workload  should  be 


subcontracted,  the  workload  and  Minimum  Cost  arrays  are  modified  to  reflect 
only  the  in-houao  efforts.  The  in-i>ouae  efforts  are  determined  by  subtracting 
the  tubcontracta  from  tables,  and  resulta  of  this  operation  are  presented  in 


Table  22.  In-House  Workload  Requirements  for  Minimum  Risk  Problem 


Possible 

In-House 

Workloads 

Probability 
of  Occurrence 

January 

February 

March 

April 

wj 

0.28 

50 

70 

80 

60 

w; 

0.42 

60 

80 

94 

90 

wj 

0. 12 

70 

85 

94 

70 

w; 

0. 18 

74 

90 

114 

100 

Table  23.  Minimum  Cost  Plans  for  In-House  Workloads 


Minimum 
Cost  Plan 
for 

Probability 

January 

February 

March 

April 

Total 

Cost 

(!) 

wj 

0.28 

Xj.,-60 

X,  2-  60 
X«>20 

XM-  80 

X,,4-  60 
X,(1-  20 

29,600 

w; 

0.42 

X,,j«  60 
XItl*  10 

Xj,2  *  70 
Xt>1 3  20 

Xu-  90 
X«,3*  5.71 

Xu»  90 

35,757 

w; 

0.  12 

Xt.j"  60 

X,. ,  -  20 

XU-  80 

Xj,j  -  10 

Xu-  90 

X4.,-  5.71 

X  1.4  —  70 
X,.,»  20 

35.757 

0.  18 

X 1. 1  -  60 
X*.i“  20 
X»,j*  5.71 

Xu  -  80 

Xj.j  *  20 

X,,-  100 
X<.;-  20 

XU4*  100 

4?. 057 

The  next  procedure  ia  to  enumerate  costs  and  risks  for  ail  feasible 


values  of  X f  and  |  so  that  the  minimum  R  (• )  can  be  identified.  It  may  be 
noted  In  Table  23  that  X  iit  is  60  for  all  four  workloads;  therefore,  there  is 
only  one  feasible  solution  for  X ,’t However.  Xj.t  varies  from  0  to  20.  The 
problem  then  is  to  determine  a  value  for  XJt ,  which  minimises  R (• )  keeping  in 
mind  that  the  objective  is  to  adjust  to  the  Minimum  Coet  plan  in  the  most 
expedient  and  economic  manner  consistent  with  the  manpower  constraints. 
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The  results  of  the  enumeration  process  for  each  of  the  four  possible 


workloads  is  presented  in  Tables  24  through  27  where  X^j  was  varied  from  0 
to  20  in  increments  of  5  units.  Increments  of  five  units  each  were  arbitrarily 
selectee  for  simplification  of  calculations  in  this  illustrative  problem.  Note 
the  heavy  line  In  each  of  the  tables.  This  line  indicates  when  the  level  of  full 
time  employment  reaches  the  Minimum  Cost  plan  for  that  particular  workload. 
Total  cost  for  each  of  the  trial  solutions  is  also  presented  in  Tables  24  through 
27. 


Summary  of  the  expected  risk  ^Recalculations  by  equation  (24)  w*ih 
the  cost  data  from  Tables  24  through  27  is  presented  in  Table  2S.  The  term 
K(* )  may  then  be  calculated  by  equation  (23)  for  each  of  the  xj  t  solutions. 

The  R(- )  data  are  tabulated  in  Table  29  where  it  is  shown  that  R(. )  is  minimum 
when  X*  ,  is  10  units. 


Table  24.  Enumerated  Risk  Plan  for  Workload  Without  New  Contracts 


Solution 

Period 

January 

February 

Ma  rch 

April 

Cost 

~n~ 

30 

70 

90 

60 

c; 

($) 

X',.i 

*u 

60 

0 

X,.t=  60 

X,.y*  60 
Xj,  |  -  20 

X  t,3  »  50 

X  M  «  60 

x,;,  -  20 

29.600 

60 

X  ,  -  60 

x,;,-  & 

X  j  *  a  63 
Xj>  15 

x a  SO 

X,  {  •=  60 
X3,4  -  20 

.•♦o,  100 

60 

10 

XJtl=60 
X,.,»  10 

XW-  70 
Xj.j" 

X  !(,  “  90 

_ 

c 

30.600 

sM 

60 

la 

X|,,*  60 
X,.,»  15 

X,.r  75 

Xm-  5 

m 

X  .  ,  *  60 
x,:;  -  20 

31.  100 

Q 

SO 

20 

1 

x  ,.i  -  90 

x  i.3  a  90 

m 

31.600 

Table  25.  Enumerated  Risk  Plan  if  Contract  I  is  Received 


Period 

1551 

E1BB1 

March 

Cost 

W 

rn 

60 

80 

94 

90 

c; 

Solution 

gg 

m 

($) 

S2.J 

60 

0 

xl,  i~  60 

X12=  60 
X2>  20 
X4)2  =  14.3 

X,.,-  80 
X2l3=  10 
X4(,  =  12.  9 

XM=90 

36,980 

St, 2 

60 

5 

g 

X  i,2  -  65 
X2l2=  20 
X4,2=  7.1 

X  i,j 53  85 
X2.,=  5 
X4,s=  9-3 

■ 

36, 360 

S2.J 

60 

iO 

rmm 

X,,i=  70 
X2,2  =  20 

— 

BBS 

X,,4  -  90 

35,757 

S2.4 

60 

15 

1 

g 

Mj 

g 

m 

Xm=90 

36,255 

S:,s 

60 

20 

X,.,=  60 
X,.,=  20 

X,,.-  80 

X2>2  *  10 

EPHB 

g 

X  i>4  *  90 

36,755 

Table  26. 

Enumerated  Risk  Plan  if  Contract  II  is  Received 

Period 

Hi 

HI 

March 

April  _ 

Cost 

w[ 

70 

85 

94 

70 

cj 

Solution 

xi»i 

(?) 

S3.. 

60 

0 

X,(1  =  60 
X4,.»U.3 

X,.2  =  60 
X2(2-  20 
X4<;  =  21 . 4 

X ,,,  »  80 
X4>,«  20 

X  i,4  -  70 
X,.4»  10 

38,455 

B 

60 

5 

m 

X2.,=  65 
X2|2  20 
X42  =14. 3 

X,,i-  85 
X4,3  *  12.  9 

X  ,,4  ®  70 
x,t4  -  15 

37,685 

S*,J 

60 

10 

X,.,-  60 
Xi,,»  io 
X*.,-  7.1 

X,,i-  70 
X2l2»  20 
X4f2*  7.1 

Xw  -  90 
Xi.i*  5-7 

X  j,4  *  "0 

X j,4  *  20 

36,917 

60 

15 

X,  4  =  60 

X,.,»  3.6 

Xw-75 

X,  2  =  15 
X,*,-  3.6 

Mi 

JIB- - 

XU- 70 

XM-  70 

36.335 

79 


Table  26.  Enumerated  Risk  Plan  if  Contract  II  is  Received  (Concluded) 


r - 

Period 

11111 

MIR 

March 

April 

Coat 

■  '1 

mmm 

70 

85 

94 

70 

c; 

Solution 

m 

m 

c$) 

S8,& 

1 

6G 

20 

X,  i=  60 
X2>  20 

X,  ,=  80 
X2’2  =  10 
_  ’ _ 

m 

Xu-70 

X3  ,  =  20 

35,757 

Table  27.  Enumerated  Risk  Plan  if  Contracts  I  and  !I  are  Received 


Solution 

Period  | 

January 

February 

March 

msm 

C08t. 

c; 

($) 

KM 

74 

90 

114 

100 

gn 

S4,i 

GO 

0 

XM=  60 
X4,i=  20 

X  1,2  =  60 
X2,2=20 

X.  ,  =  28.6 

X1)3=  80 
X2)3=  20 
X4,s=  30 

X5>3=  8.6 

xu=  100 

48,280  . 

' 

S4,2 

60 

5 

Xlti»60 

5 

X4j,  =  16.4 

X  1,2  =  65 
X2)2  -  20 
X4|2  =  21.4 

X,,3=  85 
X2>3 =  15 
X4>3=  30 
Xs,3=  !'4 

Xw=  100 

46, 580 

S4,3 

60 

10 

X  1.1=  60 
X2,i  =  10 
x4, 1=12.9 

Xj  2=  70 
X2]2=  20 
X4,2  =  14.  3 

XM=  90 

x;:i«  .0 

X,,,=  27.1 

45,345 

S4,4 

Xi,i=  60 

X2)1=  15 
X4!i=  9.3 

X  1,2  =  75 

Xo  2  “  20 
X.“-7.1 

X  1,3  =  95 

X,  3=  5 

X4’3  =  23.S 

x  t,4  =  100 

44,200 

60 

20 

Xi.i=  GO 
X2,i=  20 
X4.  i =  5.7 

Xli2=  80 
X2’2-  20 

xu-  ioo 
X4l3=  20 

x,,4=  100 

43,057 

Table  28.  Risk  Summary  for  Example  Problem 


Solution 

a 

ck 

*k 

Si,i 

BEI 

29,600 

ms 

0 

0 

Si, 2 

kE 

30, 100 

BSH 

140 

Si, 3 

0.28 

30,600 

EH 

1 

280 

i 


Table  28.  Risk  Summary  for  Example  Problem  (Concludei) 


Solution 

Pk 

■9 

«k 

mm 

29,60 j 

1500 

mm 

19 

m 

31,600 

29,600 

2000 

ns 

Si.i 

mm 

36,980 

35. 757 

1223 

514 

S2,2 

wE~m 

36,360 

35,757 

603 

253 

S2.3 

0.  42 

35,757 

35,757 

0 

0 

82,4 

0. 42 

36,255 

35,757 

498 

209 

S.,s 

0.42 

36,755 

35,757 

998 

419 

83,1 

0. 12 

38,455 

35,757 

2698 

324 

SJ)2 

0. 12 

37,685 

35,757 

1928 

231 

Sj.j 

0.12 

36,917 

35,757 

1160 

139 

S3,4 

0. 12 

36,335 

35,757 

578 

69 

Ss.s 

0. 12 

35,757 

35,757 

0 

0 

s«,l 

wmrm 

48,280 

43, 057 

5223 

940 

S4,2 

46,580 

43, 057 

3523 

634 

§4,3 

0.  18 

45, 345 

43, 057 

2288 

412 

84, 4 

0.18 

44,200 

43,057 

1143 

206 

SM 

0.  18 

43, 057 

43,057 

C 

0 

Table  29.  Risk  Analysis  for  Example  Problem 


Xi,j 

X*,l 

2S 

2Rk 

R(-) 

6C 

0 

Si,i+  s2j,+  ss>1+  sM 

0+  514+  324+  940 

1778 

60 

5 

Si, 2  +  S2,2+  Ss,2  +  s4,2 

140+  253+  231+  634 

1258 

60 

10 

Sl,3+  S2,3+  Sj,s  +  S4,3 

280+  0+  139+  412 

m 

60 

15 

Sl,4+  S2,4+  83,4  +  S4,4 

42o  +  209+  69+  206 

901 

60 

20 

Sl,5  +  S2,5+  S3, 5  +  84,5 

560+  419+  0+0 

•79 

What  does  this  solution  mean?  The  Minimum  Risk  plan  for  this  illustrative 
problem  is  to  retain  the  60  experienced  employees  who  will  be  available  for 
January  and,  in  addition,  hire  10  new  employees  before  January  so  that  their 


services  will  be  available  during  the  first  month.  If  workload  W|  occurs,  the 


corporate  plan  will  be  as  sh.->wn  in  Table  30.  If  workloads  W5,  W3,  or  W4 
occur,  the  corporate  plan  will  be  as  shown  in  Tables  31  through  33  respectively 

Table  30.  Minimum  Risk  Plan  Without  New  Contracts 


January 

February 

March  April 

XM=60 

*1,2=70 

x  j,3  =80  xM=e 

X 

ro 

~l 

o 

X2,2  =  10 

Xe,3  =  12.  5  X3)4  =  5 

Table  31.  Minimum  Risk  Plan  if  Contract  I  is  Received 


:l,i  x2), 

January 

February 

March  April 

60  10 

Xj,i=  60 

Xu=  70 

X  s,3  =  90  Xm=£ 

*M  =  10 

X2,2  =  20 

X4,2=  5*7 

X6)3=  20 

Table  32.  Minimum  Risk  Plan  if  Contract  II  is  Received 


Xi'., 

Xi.i 

January 

February 

March 

April 

60 

10 

X,,,=  60 

X  1,2  =  70 

Xu=  90 

XM=  70 

X2)l=  10 

X22  =  20 

X4>3=  5-7 

X3>4=20 

X4,1=  7.1 

X4,2=  7.1 

X6)3=  20 

X«,,=  12.5 

X«,2=  6.25 

Table  33.  Minimum  Risk  Plan  if  Contracts  1  and  II  are  Received 


.  ! 

1,1 

x; , 

January 

February 

March 

April 

60 

10 

XM=60 

X 

ro 

11 

<1 

o 

O 

'll 

CO 

w* 

•r* 

X 

xM=  : 

x2J=  io 

X2,2=  20 

X2,3  =  10 

X4,1=  12.9 

X4i2=  14.3 

X4t3-  27.1 

Xe,i=  20 

Xg,2  -  12.5 

Xg,3  —  20 

The  corporation  is  hereby  presented  with  a  strategy  for  planning  the 
future  manpower  requirements  in  the  face  of  uncertainty.  Note  that  no  "pat" 
answer  has  been  achieved;  however,  a  mathematical  simulation  of  the  man¬ 
power  planning  system  has  been  developed  to  assist  management  in  understand¬ 
ing  the  status  quo.  Planning  tools  developed  herein  can  be  computerized  and 
provide  management  with  a  rapid  assessment  of  the  situation  at  any  given  time. 
As  new  or  more  reliable  data  become  available,  the  corporate  plan  can  readily 
be  modified  to  cope  with  the  uncertain  future. 

As  a  point  of  interest  and  an  illustration  of  the  utility  of  the  Minimum 
Risk  Method,  it  is  indicated  in  Figure  32  how  R  (■ )  varies  with  i  for  the 
previous  example  problem.  It  is  evident  that  there  is  less  risk  for  the  corpora¬ 
tion  if  planning  error  results  in  excess  full  time  employees  than  if  planning 
error  results  in  too  few  employees.  Information  such  as  this  may  be  very 


beneficial  tc  the  corporation  management. 


CHAPTER  V 


SUMMARY  AND  RECOMMENDATIONS 

A.  Summary 

A  corporation  which  bids  competitively  for  government  R&D  contract* 
requires  control  systems  and  analytical  planning  tools  that  are  somewhat 
unique  because  of  t‘  e  uncertainty  associated  with  R6D  tasks  and  the  limited 
number  of  contracts  open  for  proposals  at  any  given  time.  Manpower  require¬ 
ments  can  vary  considerably  and  planning  techniques  developed  in  the  pest  for 
production  type  contracts,  where  the  number  of  outstanding  contract  proposals 
may  be  large  and  the  scopes  of  work  are  clearly  defined,  are  totally  inadequate. 

For  the  purpose  of  this  study,  probabilistic  manpower  planning  for  RftD 
was  visualized  as  a  process  for  continually  and  systematically  evaluating  the 
manpower  requirements  and  recognizing  the  risks  being  taken  with  the  corpora¬ 
tion's  chosen  manpower  plan. 

A  technique  was  presented  in  Chapter  H  to  provide  management  with  a 
display  of  all  possible  workloads  and  an  estimate  of  the  probability  of  occur¬ 
ence  for  each.  In  Chapter  III  an  optimization  technique  was  developed  to  indi¬ 
cate  the  minimum  cost  manpower  plan,  consistent  with  company  policies,  labor 
agreements,  etc. ,  for  each  of  the  possible  workloads.  Finally,  in  Chapter  IV, 
a  technique  was  developed  to  provide  management  with  a  plan  which  allows  the 
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corporate  manpowe.  level  to  be  adjusted  with  minimum  regret  to  the  actual 
workloaa  when  it  occurs;  i.  t. ,  a  manpower  level  is  provided  for  planning  such 
that  the  total  expected  risk  associated  with  all  of  the  possible  workloads  is 
minimized  and  there  is  a  predetermined  manpower  plan  for  performing  the 
actual  •  when  it  becomes  known. 

Mathematical  models  developed  and  presented  are  suitable  for  solution 
on  electronic  computers  and,  consequently,  may  provide  management  with  a 
rapid  evaluation  of  possible  management  decisions.  Thus  the  corporation  is 
provided  with  a  mathematical  simulation  of  the  manpower  planning  system.  The 
simulation  can  be  used  to  readily  evaluate  effects  of  various  inputs  and  promote 
better  understanding  of  the  problem  at  hand. 

Use  of  these  methods  is  limited  only  by  the  availability  of  accurate  input 
data;  therefore,  for  effective  application,  management  must  be  prepared  to 
establish  and  maintain  a  permanent  organization  for  producing,  accumulating, 
and  processing  the  necessary  data. 

In  short,  this  research  has  developed  a  powerful  analytical  manpower 
planning  tool  for  management. 

B.  Recommendations  for  Future  Research 

In  conducting  this  research  the  author  became  aware  of  several  areas 
which  degrade  the  effectiveness  of  probabilistic  manpower  planning  through 


probability  for  contract  award  and  contract  initiation  date. 

2.  Identification  of  the  types  and  numbers  of  manpower  required  to 
perform  an  R&D  task  in  a  given  period  of  time. 

3.  Estimation  of  efficiency  and  cost  factors  for  the  various  types  of 
personnel. 

Most  of  these  problem  areas  have  been  researched  as  noted  throughout 
this  report,  however,  there  remains  a  great  need  for  improved  techniques  and 
all  of  these  areas  provide  opportunity  for  future  research. 

It  should  be  noted  that  the  techniques  developed  consider  only  a  fixed 
contract  schedule.  It  is  not  uncommon  for  an  R&D  schedule  to  be  extended 
because  of  technical  difficulties  encountered  during  the  contract  period.  A 
profitable  area  for  future  research  would  be  to  modify  the  mathematical  modela 
of  Chapter  n  to  include  this  area  of  uncertainty  and  hopefully  increase  the 
versatility  of  the  planning  models.  Both  Gantt  and  PERT  techniques  allow 
planners  to  assess  the  probability  of  meeting  given  milestones  on  specific  detea 
and  should  be  of  value  in  such  a  research  program. 

Because  the  probabilistic  manpower  requirements  for  different  types  of 
manpower  must  be  calculated  independently ,  it  la  possible  that  desired 
personnel  ratios,  such  as  engineers  to  technicians,  will  not  be  maintained  for 
every  contract  and  the  corporation  as  a  whole.  If  the  efficiency  factors  and  unit 
costa  for  the  various  types  of  manpower  are  proportional,  the  proper  personnel 
ratios  should  be  maintained.  Otherwise,  special  techniques  most  be  developed 
to  assure  that  satisfactory  personnel  ratios  are  maintained.  As  s  project  for 
future  research,  it  is  recommended  that  the  minimum  cost  and  minimum  risk 
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models  of  Chapters  in  and  IV  be  amplified  to  include  provisions  maintaining 
acceptable  personnel  ratios  in  the  linear  programming  operation. 


APPENDIX 


PROBABILISTIC  MANPOWER  EXAMPLE  PROBLEM 

Statement  of  the  Problem 

Given  two  outstanding  contract  proposals  with  durations  of  five  months 
and  six  months  respectively,  with  time  adjusted  manpower  arrays  as  showu  in 

Figures  A-l  and  A- 2,  with 
probabilistic  contract 
initiation  dates  as  shown  in 
Figures  A- 3  and  A-4,  and 
capture  probabilities  of  p, 

=»  (0.  8)andpj=  (0.7),  what 
is  the  probabilistic  manpower 
requirement  versus  time? 

Problem  Solution 

If  only  the  e..  vcted 
values  versus  time  are 

Figure  A- 1.  Time  Adjusted  Manpower  Array 

for  Contract  I  required,  this  example 

problem  may  be  solved  by  cither  of  two  methods;  however,  if  th^  planner 

daoosee  to  use  some  planning  criteria  other  than  expected  values,  the 


1 1  a  ■ 
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enumeration  technique 


MONTHS  AFTER  CONTRACT  INITIATION 

Figure  A- 2.  Time  Adjusted  Manpower  Array 
for  Contract  II 


where 


should  be  utilized.  Both 
techniques  are  demonstrated 
in  ;ne  following  paragraphs. 
Method  1  —  Solution  by 
M  \  p^j  Matrix 

As  explained  in  Chapter 
II.  Model  III,  a  ^M  x  ptJ 
matrix  is  established  for 
each  contract  proposal  and 
eac  type  of  manpower  where 
table  entries  are  calculated 
by  the  equation 

E(Xt)  =  Pi  pt/t  )Ml('o  +  k)  ’ 


i  is  the  identification  of  the  contract  proposal. 


>- 


Figure  A-3.  Probable  Initiation 
Dates  for  Contract  I 


Figure  A-4.  Probable  Initia¬ 
tion  Date*  for  Contract  II 


90 


t 


k  i«  the  time  period  after  contract  go-ahead  =  t-tQ^. 
t  is  t*'4  time  period  in  which  it  is  assumed  that  contract  go-ahead  will 
be  received. 

t  is  the  time  period  for  which  the  manpower  estimate  is  being  calculated, 
p.  is  the  probability  that  the  i^  contract  will  be  received, 
p . is  the  probability  that  contract  i,  if  received,  will  be  initiated  during 

W  1 

the  .  'riod  t  . 

c 

^  +  k^  is  the  number  of  type  j  men  required  for  contract  i  during 
the  *>eriod  t. 

P  suits  of  the  required  calculations  are  presented  in  Tables  A-l  through  A-4. 
T^ble  A  1.  Expected  l.ianpower  Requirement:  Type  A,  Contract  I 


t 

Jan 

Feb 

Mar 

Apr 

May 

June 

Jul 

Aug 

Sept 

k 

M 

X 

Mp, 

Pt 

\ 

0.6 

0.3 

0.  1 

0 

0 

0 

0 

0 

0 

0-1 

8 

6.4 

3.  84 

1.92 

0.64 

1-2 

10 

8.0 

4.80 

2.  40 

0.80 

2-3 

s 

6-4 

3,  84 

1.  92 

0.64 

3-4 

6 

4.8 

2.  88 

1.  44 

0.48 

4-5 

6 

4.8 

..  __  ...  _ 

2.88 

1.44 

0.48 

E 

:(Mt) 

3.84 

6.72 

6-  88 

5.60 

4.96 

1.92 

0.48 

Table  A- 

2.  Expected  Manpower  Requirement: 

Type  8,  Contract  I 

t 

Jan 

Feb 

Mar 

Apr 

May 

June 

Jul 

Aug 

Sept 

■ 

M 

Mp> 

i 

0.6 

U.  3 

0.  1 

0 

fl 

n 

n 

0 

H 

0-1 

6 

4.8 

2.88 

1.44 

0.48 

■ 

■ 

■ 

■ 

■ 

|| 
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k  M  Mpj 


6  4.8 
8  6.4 
8  6.4 
8  6.4 


E(M.) 


k 

M 

0-1 

10 

1-2 

10 

2-3 

10 

3-4 

8 

4-5 

8 

5-6 

_ 

8 

Feb 

Mar 

Apr 

May 

0.3 

0. 1 

0 

0 

2.  88 

1.44 

0.48 

3.84 

1.  92 

0.  64 

3.84 

1.92 

3.84 

4.32 

5.76 

6.24 

6.40 

Jan 

Feb 

Mar 

Apr 

May 

June 

0 

0.2 

0.8 

0 

0 

0 

0  0 


1.40  5.60 

1.40  5.60 

1.40  5.60 

1.  12  4.48 

1.  12  4.48 

1.  12  4. 48 


1.40  7.00  7.00  6.72  5.60  5.60  4.48 


Jan  Feb  ?~.ar  Apr  May  June  Jul  Aug  Sept 


M  Mpj 


0-1  I  8  5.6 


0  0.2  0.8  0  0 


1. 1214.48 


0  0 


Table  A-4.  Expected  Manpower  Requirement:  Type  B,  Contract  n  (Concluded) 


t 

•Jan 

Feb 

Mar 

Apr 

May 

June 

Jul 

Aug 

Sept 

k 

M 

MPjV 

0 

B 

0.8 

0 

1 

B 

fl 

B 

0 

1-2 

8 

5.6 

■ 

1. 12 

4.48 

— 

2-3 

6 

4.2 

■ 

■ 

0.  84 

3.36 

3-4 

6 

4.2 

■ 

■ 

0.84 

3.  36 

4-5 

6 

4,2 

■ 

■ 

0.84 

3,36 

5-6 

6 

4.2 

■ 

I 

0.34 

3.36 

E 

i 

■ 

1.  12 

5.60 

5.32 

4.20 

4.20 

4.20 

3.36 

■ 

By  summing  the  expected  manpower  requirements  from  Tables  A-l 
through  A-4,  the  total  corporate  expected  manpower  requirement  was 
determined  to  be  as  shown  in  Tables  A- 5  and  A-6. 


Table  A- 5.  Expected  Manpower  Requirement:  Type  A 


Contract 

Jan 

Feb 

Mar 

Apr 

May 

June 

Jul 

Aug 

Sept 

I 

3.84 

6.72 

6.88 

5.60 

4.96 

1.92 

0.48 

■ 

II 

1.40 

7.00 

7.00 

6.72 

5.60 

5.60 

4.48 

1 

Total 

3.84 

8. 12 

13.88 

12.60 

11.68 

7.52 

6.08 

4.48 

Table  A-6.  Expected  Manpower  Requirement:  Type  B 


Contract 

— 

Jan 

Feb 

Mar 

Apr 

May 

June 

Jul 

Aug 

— 

Sept 

I 

2.88 

4.32 

5.76 

6.24 

6.40 

2.56 

0.64 

■ 

II 

1. 12 

5.60 

5.32 

4.20 

4.20 

4.20 

3.36 

1 

Total 

2.88 

5.44 

11.36 

11.56 

10.60 

_ __J 

6.76 

4.84 

3.36 

■ 
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Method  2  —  Solution  by  Complete  Enumeration 

Utilizing  the  complete  enumeration  model  for  two  outstanding  proposals 
(presented  in  Figure  A-5)  developed  in  Chapter  II,  Model  HI,  the  probability 
of  requiring  specific  numbers  of  men  was  calculated  and  the  results  are 
indicated  in  Tables  A-7  and  A-8.  Combining  the  probabilities  for  identical 
manpower  requirements  during  given  months,  the  probabilistic  manpower 
requirement  by  months  was  determined  to  be  as  shown  in  Tables  A --9  through 
A- 16,  and  the  total  corporate  expected  manpower  requirement  versus  time  was 
determined  to  be  as  shown  in  Figures  A-6  and  A-7. 

It  should  be  noted  that  the  total  corporate  expected  manpower  require¬ 
ment  determined  by  Methods  1  and  2  are  identical. 

Assuming  straight-line  interpolations  between  the  cumulative 
probability  data  points,  the  cumulative  distributions  for  each  month  were 
determined  to  be  as  shown  in  Figures  A-8  through  A- 15. 
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Figure  A-5.  Enumeration  Process  for  Model  III:  Two  Proposals 
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Table  A-7.  Manpower  Type  A  Probabilistic  Requirements:  Example  Problem 


Table  A-8.  Manpower  Type  B  Probabilistic  Requirements:  Example  Problem 


Table  A-9.  Probabilistic  Manpower  Requirements  for  January: 

Example  Problem 


Manpower  Type  A 

Manpower  Type  B 

Man* 

Cumulative 

Expected 

Man- 

Cumulative 

Expected 

power 

Probability 

Probability 

Value 

power 

Probability 

Probability 

Value 

0 

0. 5200 

0. 5200 

0,00 

0 

1 

0. 5200 

0. 5200 

0.  00 

8 

0. 4800 

1. 0000 

3.84 

6 

0. 4800 

1. 0000 

2.  88 

2  *  3.  84 

2  *  2.  88 

Table  A- 10.  Probabilistic  Manpower  Requirements  for  Feb  rue  17: 

Example  Problem 


Manpower  Type  A 

Manpower  Type  B 

Man¬ 

power 

Probability 

Cumulative 

Probability 

Expected 

Value 

Man¬ 

power 

Probability 

Cumulative 

Probability 

Expected 

Value 

0 

0. 2408 

0. 2408 

0.00 

0 

0. 2408 

0. 2408 

0.  00 

8 

0. 2064 

0.4472 

1. 65 

6 

0.6192 

0.  8600 

3. 72 

10 

0. 4520 

0. 8992 

4.52 

8 

0. 0392 

0. 8992 

0.31 

18 

0.  0336 

0. 9328 

0. 60 

14 

0.  1008 

1.  0000 

1.41 

20 

0.  0672 

1.0000 

1.34 

2  =  5.  44 

2  -  8,  11 

Table  A- 11.  Probabilistic  Manpower  Requirements  for  March: 

Example  Problem 


f  Manpower  Type  A 

Manpower  Type  B  j 

Man¬ 

power 

Probability 

Cumulative 

Probability 

Expected 

Value 

Man¬ 

power 

Probability 

Cumulative 

Probability 

Expected 

Value 

0 

0,  0600 

0.0600 

0.00 

0 

0. 0600 

0. 0600 

0. 00 

8 

0. 1680 

0.2280 

1.34 

6 

0.0960 

0. 1560 

0. 58 

10 

0.2120 

0. 4400 

2. 12 

8 

0. 2  140 

0. 4400 

2.27 

18 

0. 3920 

. 

0. 8320 

7.06 

14 

0.  2240 

0. 6640 

3.  14 
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Table  A- 11.  Probabilistic  Manpower  Requirements  for  March: 
Example  Problem  (Concluded) 


Manpower  Type  A 

Manpower  Type  B 

Man¬ 

power 

Probability 

Cumulative 

Probability 

Expected 

Value 

Man¬ 

power 

Probability 

Cumulative 

Probability 

Expected 

Value 

20 

0. 1660 

1. 0000 

3.36 

16 

0. 3360 

■ 

5.38 

2=  13.  88 

1=  11.37 

Table  A- 12.  Probabilistic  Manpower  Requirements  for  April: 

Example  Problem 


Manpower  Type  A 

Manpower  Type  B  | 

Man¬ 

power 

Probability 

Cumulative 

Probability 

Expected 

Value 

Man¬ 

power 

Probability 

ESI 

0 

0.  0600 

0. 0600 

0.00 

0 

0. 0600 

0.0600 

6 

0. 1440 

0.2040 

0.  86 

6 

0.  6520 

0. 1120 

0.31 

8 

0.  0720 

0. 2760 

0.58 

8 

0. 3280 

0.  4400 

2.62 

10 

0.  1640 

0. 4400 

1.64 

12 

0.0112 

0. 4512 

0.  13 

16 

0.  3360 

0.7760 

5.38 

14 

0. 1456 

0.  5968 

2.04 

18 

0.  1680 

0. 9440 

3.02 

16 

0. 4032 

1.  0000 

6.45 

20 

0.  0560 

1.0000 

1.  12 

2=  11.  55 

2=  12.60 

Table  A- 13.  Probabilistic  Manpower  Requirements  for  May: 

Example  Problem 


Manpower  Type  A 

Manpower  Type  B 

Man- 

Cumulative 

Expected 

■  ■ 

Cumulative 

power 

Probability 

Probability 

Value 

SB 

Probability 

Probability 

Value 

0 

0. 0600 

0.  0600 

0.  00 

0 

0.0600 

0.  0600 

0.  00 

6 

0.2160 

0. 2760 

1.30 

6 

0. 1400 

0.  2000 

0.  84 

8 

0.  0520 

0.3280 

0.42 

8 

0. 2400 

0. 4400 

1  92 
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Table  A- 13.  Probabilistic  Manpower  Requirements  for  May: 
Example  Problem  (Concluded) 


1  Manpower  Type  A 

Manpower  Type  B 

Man- 

Cumulative 

Expected 

Man- 

Cumulative 

Expected 

power 

Probability 

Probability 

Value 

power 

Probability 

Probability’ 

Value 

10 

0. 1120 

0. 4400 

1. 12 

14 

0.5600 

1.0000 

7.  84 

14 

0.  1008 

0. 5408 

1.41 

2-  10.  60 

16 

0.4144 

0. 9552 

6.63 

18 

0.  0448 

1.  0000 

0.81 

2  =  11.  69 

-  _ _ 

Table  A- 14.  Probabilistic  Manpower  Requirements  for  June: 

Example  Problem 


Manpower  Type  A 

Manpower  Type  B 

Man- 

Cumulative 

Expected 

Man- 

Cumulative 

Expected 

power 

Probability 

Probability 

Value 

power 

Probability 

Probability 

Value 

0 

0.2040 

0.  2040 

0.00 

0 

0.2040 

0.2040 

0.  00 

6 

0.  0960 

0. 3000 

0.58 

6 

0.  4760 

0. 6800 

2.86 

8 

0.  47G0 

0. 7760 

3.  81 

8 

0.  0969 

0. 7760 

0.77 

11 

0.  2240 

1.9000 

3.  14 

14 

0.2240 

1.  0000 

3.  14 

2*  7.53 

.1-  .  .. 

2=  6.77 
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Table  A- 15.  Probabilistic  Manpower  Requirements  for  July: 

Example  Problem 


Manpower  Type  A 

Manpower  Type  B 

Man- 

Cumulative 

Expected 

Man- 

Cumulative 

Expected 

power 

Probability 

Probability 

Value 

power 

Probability 

Probability 

Value 

0 

0. 2760 

0. 2760 

0.00 

0 

0. 2760 

0.  2760 

0.00 

6 

0.  0240 

0. 3000 

0.  14 

6 

0.  6440 

0. 9200 

3.  86 

8 

0. 6440 

0. 9440 

5. 15 

8 

0. 0240 

0.  9440 

0. 19 

14 

0. 0560 

1. 0000 

0.78 

2  =  6.  07 

14 

0.  0560 

1.  0000 

0.78 

2  *  4.  83 

Table  A- 16.  Probabilistic  Manpower  Requirements  for  August: 

Example  Problem 


i  Manpower  Type  A 

Manpower  Type  B 

Man- 

Cumulative 

Expected 

Man- 

Cumulative 

Expected 

power 

Probability 

Probability 

Value 

power 

Probability 

Probability 

Value 

0 

0. 4400 

0.  4400 

0.00 

0 

0.440C 

0.4400 

0.00 

8 

0. 5600 

1. 0000 

4.48 

6 

0.  5600 

1.  0000 

3.36 

2  =  4.  48 

i 

2  »  3.  36 
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Figure  A-7.  Corporation  Expected  Manpower  Requirement:  Type  B 
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Figure  A-8.  Probabilistic  Manpower  Requirements  for  January 
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Figure  A-9.  Probabilistic  Manpower  Requii’ements  for  February 


Figure  A- 10.  Probabilistic  Manpower  Requirements  for  March 
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Figure  A- 13.  Probabilistic  Manixwer  Requirements  for  June 
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Figure  A- 14.  Probabilistic  Manpower  Requirements  for  July 


Figure  A- 15.  Probabilistic  Manpower  Requirements  for  Augusi 
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